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CHAPTER 1 

1.0 Product Description 

DTI has designed a series of DEC dual height LSI Q-Bus compatible 
analog I/O boards. All_ models come standard with two independent 
D/A converters as well as a 16 single ended (8 differential) input 
A/D converter system. For clarity, the products have been 
broken up into two categories. 

High Level Inputs 

DT2781 - 12 bit resolution ADC with field selectable ranges of 
0-lOV (unipolar) or ±10V (bipolar). Has 16 single-ended or 8 
differential input channels. SE/DI is field selectable. 

DT2781/57XX - Same as above except with higher resolution on 
ADC. Configuration is not field selectable. Can be ordered 
as follows: 



DT2781-XX/57XX-X-PGH 



PGH allows software control over 
gain of the instrumentation. Amp 
gains = 1,2,4,8. Alternative is 
gain selection by external resistor. 



B = Bipolar (range = ±10V) 
U = Unipolar (range = 0-lOV) 



14 = 14 bit resolution ADC 
16 = 16 bit resolution ADC 



-- SE = 16 single ended input channels 
DI = 8 differential input channels 



Note: None of these options are 
field selectable. 



Wide Range Inputs 



DT2785 - 12 bit resolution ADC with field selectable unipolar or 

bipolar operation. Ranges are resistor selectable from 0-lOmV 

unipolar (±10mV bipolar) to 0-lOV unipolar (+10V bipolar). Has 

16 single-ended or 8 dirrerential input channels. SE/DI is field stlectabla 

DT2785/57XX - Same as above except with higher resolution on ADC. 
Configuration is not field selectable. Can be ordered as 
follows: 
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DT2785-XX/57XX-X-PGL 



" PGL allows software control over gain 
of the instrumentation amp. gains = 
1, 10, 100, 500. Alternative is gain 
selection by external resistor. 

B = Bipolar (range = ilOV max) 
U = Unipolar (range = 0-lOV max) 



14 = 14 bit resolution ADC 
16 = 16 bit resolution ADC 



SE = 16 single-ended input channels 
DI = 8 differential input channels 



Note: None of these options are field 
selectable. 
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CHAPTER 2 

2.n DT2781 High Level Input System Specifications 

2.1 Analog Inputs 

The DT2781 utilizes the DT57L02 data acquisition module. This 
module will accept up to 16 single-ended or 8 differential input 
channels. SE/DI selection is accomplished by wire wrap jumpers. 
This board has no expansion capability. 

2.2 Number of Analog Inputs 

The DT2781 will accept up to 16 single-ended or 8 differential 
input channels. 

2.2.1 Selection of SE/DI 

The configuration is field selectable simply by altering wire 
wrap jumpers. 

2.3 Input Range 

0-lOV F.S. straight binary (unipolar) 
±10V F.S. 2's complement offset (bipolar) 

2.3.1 Input Protection 

Inputs are current limited and protected to an ± 30V overvoltage 
condition without damage. 

2.3.2 Input Impedance 

100 Megohm, lOpf - "off" channels 
100 Megohm, lOOpf - "on" channels 

2.3.4 Input Bias Current 
15nA (a 25'C 

2.3.5 Maximum Input Signal 

10.5 Volts (signal + common mode voltage) 

2.3.6 Common Mode Rejection Ratio 
80 dB at full scale 

2.4 A/D Specifications 

2.4.1 Resolution 

12 bits - unipolar 

11 bits + sign bit - bipolar 
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2.4.2 Linearity 

:.iLS3 

2.4.3 Inherrent Quantisizing Error 
±JLSB 

2.4.4 Stability 

±25ppm/^C FSR 

2.4.5 Sample and Hold Aperture Uncertainty 
<10nSEC. 

2.5 System Specifications 

2.5.1 System Accuracy 

= .03:.- (Bipolar) 

2.5.2 Throughput Rate 
25Kriz 

2.5.3 Input Noise 
2mV RMS 
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CHAPTER 3 

3 . DT2781/57XX High Resolution, High Level Input System Specifications 

3.1 Analog Inputs 

The DT2781/57XX uses the DT5714/DT5716 modules for higher 
ADC resolution. This option will also accept 16 single- 
ended or 8 differential input channels. The SE/DI configuration 
is not jumper selectable and there is no expansion capability. 

3.2 I nput Specifications 

3.2.1 Input Range 

0-lOV F.S. straight binary (unipolar) 
ilOV F.S. 2's complement offset (bipolar) 

The input range can be changed under software control by the 
PGH option or hardware control via an external resistor. 
See table 1 and product description. The gains possible 
are 1,2,4,8. 

3.2.2 Input Protection 

Inputs are current limited and protected to ± l^v. 

3.2.3 Input Impedance 

100 Megohm, lOpf "off" channel 
100 Megohm, lOOpf "on" channel 



3.2.4 


Input Bias Current 




15nA § 25°C 


3.2.5 


Maximum Input Signal 




10.5V (signal + common mode voltage) 


3.2.6 


Common Mode Rejection Ratio 




80 dB at F.S. 


3.3 


5714 A/D Specifications 


3.3.1 


Resolution 




14 bits 


3.3.2 


Linearity 




±iLSB 


3.3.3 


Inherent Quantisizinq Error 




±iLSB 
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3.3.4 Offset Error 





Adjustable to zero 


3.3.5 


Gain Error 




Adjustable to zero 


3.3.6 


Stability 




i 10ppm/°C FSR 


3.3.7 


Accuracy 




= .01?; 


3.3.8 


Throughput 




10 KHz 


3.3.9 


Input Noise 




luV RMS 


3.4 


5716 A/D Specifications 


3.4.1 


Resolution 




16 bits 


3.4.2 


Linearity 




r 1 LSB 


3.4.3 


Inherent Quantisizinq Error 



; 1 LSB 

3.4.4 Stability 
=10ppm/=C FSR 

3.4.5 Accuracy 

= .0075°. at gain = 1. If PGH option is used, see table 1 

3.4.6 Throughput 

2.4l^z at gain = 1. If PGH option is used, see table 1. 

3.3.7 Input Noise 
luV RMS 
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CHART OF INPUT RANGE PARAMETERS 













C«st 


AMPUHER SETTLING TIME SYSTEM 




THROUGHPUT RATE 


INPUT RANGE 






^ ■■■■^ 


On uF) 




(i 


n Mllfiscc) 


ACCURACY 


(in Hz) 


UnipoUr 


Bipebr 


GAIN 


Rcxt 

On Ohmt) 


DT5716 


DT57U 


DT57I2 


DT57I6 


DTS714 DTS712 


DTS716 DT5714| 


DTS712 


DT57I6 


DTS714 


DTS7I2 


to ♦SmV 


iSmV 


2000 


50.02 


0.470 


0.100 


OJOU 


24.0 


i.0 


3J> 


t.13% 


±.14% 


S.18% 


40 


166 


333 


lo '»IOinV 


♦lOmV 


1000 


100.10' 


0^20 


0J)S6 


0.022 


12.0 


3.0 


IJ 


i.06% 


±M\ 


i.10% 


SO 


333 


6i^ 


lo '»25mV 


tZSmV 


400 


250.62* 


0.082 


0,022 


0.010 


4.8 


U 


.6 


4.035^i 


1.040% 


:.08% 


200 


833 


1600 


fo ^SOmV 


iSOfflV 


200 


502J1* 


0.039 


OillO 


0.0047 


2.4 


.6 


J 


£.020% 


1.022% 


♦.07% 


400 


1600 


3200 


to lOOmV 


SlOOmV 


100 


1,010.1* 


.022 


0.0047 


0.0022 


1.2 


J 


.15 


♦ .oiori 


4.020% 


♦.05% 


800 


3300 


6600 


to ♦IV 


±1V 


10 


U.Ill* 


None 


None 


None 


J 


.07 


.025 


1 .010», 


1.015% 


♦.03% 


£500 


10,000 


20.000 


to +2.5V 


t2iV 


4 


33333* 


None 


None 


None 


^ 


.07 


.025 


i.OlO*, 


4.012% 


1.03% 


2500 


10,000 


20,000 


'Oto+SV 


*SV 


2 


100.000- 


None 


None 


None 


3 


.07 


.025 


1.009*. 


1,01% 


♦.03% 


2500 


10.000 


20,000 


to *10V 


±10V 


1 


NONE 


None 


None 


None 


3 


.07 


.025 


1,0075% 


♦,01% 


♦.03% 


2500 


10.000 


20.000 



* These retictort arc offered as aPrceision Resistor Gain Selection Kit, Model number DT13-1050M, for high accuracy gain setting. 

REXT « 100,000 / (G^I) J 

Throughput Time * Amplifier Seliling Time ♦A^D Conversion Time 
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4.0 2785 Wide Range Input Specifications 

4.1 Analog Inputs 

The DT2785 utilizes the 57L02 wide range data acquisition 
module. This module will accept up to 16 single-ended or 
8 differential input channels. SE/DI selection is accomplished 
by wire wrap jumpers. There is no expansion capability. 

4.2 Number of Analog Inputs 

The DT2785 will accept upto 16 single-ended or 8 differential 
input channels. 

4.2.1 Selection of SE/DI 

The configuration is field selectable simply by altering wire 
wrap jumpers. 

4.3 Input Range 

The input range is variable by changing Rg and Ct (see Figure 8 
for location). Full scale extends from lOmV to lOV in either 
the unipolar or bipolar mode. See table 2 for details. 

4.3.1 Input Protection 

Inputs are current limited and protected to - 30V overvoltage 
without damage. 

4.3.2 Input Impedance 

100 Megohm, lOpF - "OFF" channel 
100 Megohm, lOOpF - "ON" channel 

4.3.3 Input Bias Current 
15nA (B 25=C 

4.3.4 Maximum Input Signal 

il0.5V (signal + common mode_ 

4.3.5 Common Mode Rejection Rati o 
80dB at full scale 

4.4 A/D Specifications 

4.4.1 Resolution 

12 bits - unipolar 

11 bits + sign bit - bipolar 



i'-i 



4.4.2 Linearity 
±iLSB 

4.4.3 Inherent Quantisizing Error 
±iLSB 

4.4.4 Stability 
±25ppm/°C FSR 

4.4.5 Sample and Hold Aperture Uncertainty 
lOnSEC 

4.5 System Specification 

4.5.1 System Accuracy and Throughput 

System accuracy and throughput depend upon the range setting 
of the A/D system. Table 2 shows how these quantaties inter- 
relate. 

4.5.2 Input Noise 
2uV RMS 



TABLE 2. 



57L02 12 bit ADC 



GAIN 


ACCURACY (BIPOLAR) 


THROUGHPUT (KHz) 


1 


±0.03% 


25 


2 


±0.03% 


25 


4 


±0.03% 


25 


10 


±0.03% 


25 


100 


±0.05% 


16.75 


200 


±0.07% 


11.1 


400 


±0.08% 


7.1 


1000 


±0.1% 


3.7 
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CHAPTER 5 

5.0 DT2785/57XX High Resolution, High Level Input System Specifications 

5.1 Analog Inputs 

The DT2785/57XX uses the 57xx wide range modules for higher 
resolution as well as variable gain setting. This option 
will also accept 16 single-ended or 8 differential input 
channels. Configuration is not jumper selectable. There is 
no expansion capability. 

5.2.1 Input Range 

Input range is variable by either changing Ct/Rg or by using 
the PGL option. PGL gives gains of 1,10,100, and 500. See 
table 1 for details. 



c; ? ? 



Tnnijt P>"r»f or + "I An 

Inputs are current limited and protected to rl6V overvoltage 
without damage. 

5.2.3 Input Impedance 

100 Megohm, lOpF "off channel" 
100 Megohm, lOOpF "On channel" 

5.2.4 Input Bias Current 
15mA (a 25"C 

5.2.5 Maximum Input Signal 

:10.5Vs (signal + commode mode voltage) 

5.2.6 Commode Mode Rejection 
80 dB 

5.3 5714 A/D Specifications 

5.3.1 Resolution 
14 bits 

5.3.2 Linearity 
zl LSB 

5.3.3 , Inherent Quantisizing Error 

±1 LSB 

5.3.4 Offset Error 
Adjustable to zero 



5.3.5 Gain Error 
Adjustable to zero 

5.3.6 Stability 
±10ppni/°C FSR 

5.3.7 System Accuracy and Throughput 

System accuracy and throughput depend upon the range setting 
of the A/D system. Table 2 shows how these quatities inter- 
relate. 

5.3.8 Input Noise 
luV RMS 

5.4 5716 A/D Specifications 

5.4.1 Resolution 
16 bits 

5.4.2 Linearity 
ilLSB 

5.4.3 Inherent Quantisizing Error 
ilLSB 

5.4.4 Stability 
±10ppm/^C FSR 

5.4.5 Accuracy and Throughput 

System accuracy and throughput depend upon the range setting 
of the A/D system. Table 2 shows how these quantities inter- 
relate. 

5.4.6 Input Noise 
luV RMS 
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CHAPTER 6 

^•° External Trigger Specificati o ns for All MnHels (EXT Trio I , Pin 10-^^ 
6.0.1 Signal Compatibility jjl 

6.0.2 Origin n ^ • t • 

y User device (i.e. 

DT2769 Real Time 

Clock, or Signal 

Generator.) 

^•°^ ^"9^ To initiate A/D 

Conversion (Note: 
trigger occurs on 
rngh to I ow edg^ 
only.) 

1 TTL Load. 



6.0.4 


Loading 


6.1 


D/A Specifications (bot 


6.1.1 


Resolution 


6.1.2 


Non-Li nearity 


6.1.3 


Differential Linearity 


6.1.4 


Gain Error 


6.1.5 


Zero Error 


6.1.6 


Offset drift unipolar 


6.1.7 


Offset drift bipolar 


6.1.8 


Gain drift 


6.1.9 


Settling Time 


6.1.10 


to O.Oi:.- FSR 


6.1.11 


Settling Time 


6.1.12 


to O.Or: FSR 


6.1.13 


Slew Rate 


6.1.14 


Range 



12 bits 

.02\ 

+/- i LSB 

adjustable to zero 
adjustable to zero 
+/- 3ppm/ C 
+/- SOppm/ C 
+/- 30ppm/ C 

35uS (10 Volt step; 

lOuS (0.1 volt step) 

0.33 V/USEC 

0-lOV, rlOV, -5V 
(jumper selectable) 

6.1.15 Current Output rSmA Max 
Impedance (DC) 0.1 ohms. 

6.1.16 Noise 0.11 FSR 

6.1.17 Capacitive Load 

Capability 0.5 MFD 

6.1.18 Protection Short Circuit Protecte. 

Common 
6-1 



6.2 Physical Specifications 

A^l models are contained on a standard DEC dual height card with 
LSI-11 compatability. 

6.3 Power Requirements 

All models - +5V @ 1.5A b% 

6.4 Q-Bus Loading 

Each card represents 1 Q-Bus load. 
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CHAPTER 7 

7.0 Progranminq Specifications For All Models 

Data Translation interfaces are designed to meet the requirements 

of standard DEC interfaces. As such they are structured 

around a Control and Status register for complete software 
control of the interface. 

7.1 DT2781/DT2785 
7.1.1 Modes of Operation 

This series can operate in a number of operating modes, as follows: 

Program I/O - In this mode standard LSl-11 instructions can 
access and control the A/D components on the interface. A 
start A/D conversion can be accomplished by two ways: 

1. Set A/D Start Bit (Bit C) ADCSR 

2. External Triggers or Reel Time Clock input. 

Interrupt - In many real time applications the program does 
not want to dedicate itself to taking analog measurements. 
In this case the interface can be enabled to produce a program 
interrupt on the condition A/D Done. An interrupt may also 
be produced on the Error bit (Bit 15 ADCSR). 

7.1.: De :ce Address 

The DT2781/DT2785 device address is selectable via wire wrap 
jumpers. Device address may be assigned between 170000gand 277774g. 
The order of address is as follows, once a base address has 

Koon CO+ T n +ho SiimriDrc' 

A/D Coiitrol and Status Register (ADCSR) - Base (R/W) 
A/D Data Buffer Register (ADDBR) - Base + 2 (Read Only) 
DAG A Register - Base + 4 (Write Only) 
DAC B Register - Base + 6 (Write Only) 

7.1.3 Interrupt Vec tor Address 

The vector address is set via wire wrap jumpers, they are 
selectable in increments of lOn. There are two Interrupts 
A/D DONE, and ERROR. (See 7.174 CSR descriptions). 

A/D DONE = BASE VECTOR 
ERROR = BASE VECTOR + 4 
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7.1.4 



Control and Status Register 



Error 



15 I 14 I 13 { 12 j 11 j 10 ) 9 j 8 j : ; 6 3 I 4 [ 



4 3 



Multiplexer ADuK 



i 



Error Int. 
Enable 



I 



i 



RTC EXT 
ENB ENB 



2 110 I 
J 1 



TT 

Not 
^Used 



A/D Start 



GS0 



6S1 



^,U Interrupt 
Done Enable 



7.1.5 



DT2781/2785 A/D Data Buffer Register (ADDBR) (Read Only) 



15 14 ' 13 12 11 10 9 8 7 i 6 5 4 3 2 1 



MSB 



Valid DATA 



LSB 



= if binart coding 

= MSB if two's complement. (Sign extend) 

The user has the option of using bits 12-15 in either sign 
extend mode or hard wiring to logic or 1. 

7.1.6 DT2781/5714 A/D Buffer Register (Read Only) 

For 14 bit resolution, the two least significant digits are 
ignored. 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



^^ 



=;^7X=p 



Not Usable 



MSB 



Valid DATA 



i-LSB 
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7.1.7 



DT27S1/5716 A/D Buffer Register (Read Only) 
The format for 16 bit resolution is as follows; 



15 14 13 .12 11 10 9 8 • 7 6 5 



7<r 
I 

MSB 

/ . 1 .G 



1 1 

4 13 12 

i L 



1 ; 



LSB 



D/A Data Registers (write only) 

The 12 bit D/A Registers are loaded in the following format: 



15 



14 13 12 11 10 9 8 7 6 5 



4 3 2 10 



MSB 



LSB 



The conversion is started immediately upon loading. 



CSR BIT DESCRIPTIONS: Note: 



BIT # 



NAME 



DESCRIPTION 



15 



ERROR 



READ/WRITE - Indicates an error set by one of 
the following conditions. 



14 


ERROR INT. 
ENABLE 


13-8 


MULTIPLEXER 
ADDRESS 


7 


A/D DONE 


6 


DONE INT. 
ENABLE 


5 


RTC ENB 



4 
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EXT TRIG ENB 



GAIN SELECT 

(USED ON 14 & 
16 BIT MODELS 
ONLY) 



A/D START 



1. Attempting an external start 
or clock start during MUX 
settling. 

2. Attempting a start while con- 
version in process. 

3. Attempting any start while 
the A/D Done bit is set. 

Cleared by Processor and Init. 

READ/WRITE - When set enables an Interrupt on 
Error Bit. Cleared by INIT. 

READ/WRITE - Six MUX channel address biti Only 
4 Bits are used. 

READ ONLY - Set by end of conversion reset by 
read A/D data. Cleared by INIT. 

READ/WRITE - When set will enable interrupts from 
A/D done. Cleared by INIT. 

READ/WRITE - Real time clock enable when set 
this bit allows start conversion from the real 
time clock. 

READ/WRITE - When set this bit allows start 
conversion from an external trigger source. 

READ/WRITE - These bits provide ihe gain select 
information for PGX optionon high resolution models. 



BIT 3 (GSl) 2 {GS0) 



PGH 



PGL 





1 
1 





1 



1 



1 

2 
4 
8 



1 

10 

100 

500 



WRITE ONLY - Initiates a conversion when set, 
cleared by internal logic after start conversion, 
will always read back as a t)- 
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CHAPTER 8 

8.0 User Configuration 

8.1 Base Addre<i«; Splprtinn Fnr All MnWdc 

The Base Address which is the I/O address assigned to the 
Control-Status Register (CSR) is user selectable by means of 
wire wrap jumpers located near the bus interface logic as shown 
in Figure 8. The A/D Data Buffer Register address is then 
two locations greater than the CSR (Base) address. The DIP 
switches allow the user to set the base address anywhere in the 
1700008 - 1777748 address space in increments of lOp The 
recommended base address for the DT2781 series is 1704008 and 
is the address set at, thp fartnrw Fiaure R i chnwc hn.., 
the wire wrap jumpers must be set to generate this base address. 

! 1 ! 7 j 4 g ^ 

15 14 13 12 11 10 9 8 7 6 ] 5 4 3 2 1 ' 



1 



Jumper 
Installed 
Decodes Address 
Bit "1" 



00000000 



00000000 
A12 All AlO A9 AS A7 A6 A5 A4 A3 

Figure 8.1 

Jumper Configurations for Base Address of 170400s 

As shown in Figure 8.1, a wire wrap jumper in place represents 
a "1" in the corresponding bit location and no wire wrap 
jumper represents a "0" in the corresponding bit location. 

8.2 Vector Address Selection for All Models 

The DT2781 series systems are capable of generating two distinct 
interrupt vectors to the LSI-11 processor. These interrupts can 
occur when: 

1. A/D Done is set 

2. Error is set 

Each of these two events can generate a unique interrupt to the 
processor with the internal priority being arranged such that 
the A/D Done interrupt has the higher priority of the two if 
both occur simultaneously and are both enabled. The interrupt 
vector address of the A/D Done interrupt can be assigned any 
address in the OOOe - 770g vector address space in lOs increments. 
The interrupt vector of tne Error Interrupt is then always 
48 locations higher than the A/D Done interrupt vector add- 
ress. The recommended interrupt vector address for the DT2781 

8-1 



series is 400g and is set to that value at the factory. 
Figure £12 shows how the wire wrap jumpers must be set to 
generate this address. 
0,0 

\ ' 1 f- - , — \-- r-~^- ' r— 1 — ^ ^ 

15 ; 14 , 13 i2 ! 11 ' 10 9 8 ■ 7 6 5 4 3 2 1 











1 







Jumper 
Installed 
Decodes 

Vector address 
Bit "1" 






V8 V7 V6 V5 V4 V3 



Figure 8.2 

Jumper Configuration for Vector Address of 400 

8 . 3 Analog Configuration for DT2781/DT2785 

The input range, polarity, and data coding for 12-bit models are 
user selectable. High resolution models (14,16-bits) are not user 
configurable and must be ordered from the factory as required. 

All user configuration is accomplished by the insertion or removal 
of a wire wrap jumper between a pair of posts. Most factory default 
jumpers are implemented by connecting the wire wrap post via an 
etch run. To remove such a factory default jumper, the user must cut 
the etch run between the posts using a sharp knife or blade. 

The location rf most of the posts have been lettered right on the P.C. 
board, however, for ease of location, figure 8.3 at the end of this 
chapter also shows the location of all the jumpers. 

Please note that there are two types of jumpers on the board. Some 
of the jumpers are point-to-point in which case each wire wrap post 
has a unique number and jumpering is done from a certain wire wrap 
post to another numbered wire wrap post. The other jumpers are a 
labelled pair of wire wrap posts. With this type of designation a 
jumper is installed across a pair of wire wrap posts as identified 
in the configuration chart. 



O.J.I 



r^ancjes 



The DT2781/85 have the following ranges: 



DT2781 (High Level) 
DT2785 (Wide Range) 



0-lOV Unipolar 
±10V Bipolar 

From 0-lOmV F.S. to 0-lOV F.S. 

From ±10mV F.S. to ±10V F.S. 

Resistor selectable. Unipolar or Bipolar 
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8.3.2 DT2781/DT2785 Analog Input Confiqur atinn 

Models DT2781/DT2785 can be user confinijred for SE or D! o^eratiori 
in the field. To change the 512781/2785 froni''i6*'sE"to''8 ororVron 
8 DI to 16 SE the following jumpers are required. 



INPUT TYPE ' JUMPERS_ 

SE (16 Channels) Pi to P2 

DI (8 Channels) . p? to P3 

and 
P4 to P5 



Note: Factory default i:> Ci. 

8.3.3 DT2781/DT2785 Range and Code Selection 

The DT2781/DT2785 can be configured for any full scale range in 
the lOmV-lOV range or ±10mV - ±10V by means of a single gain 
resistor. The gain resistor is used to program the gain'of the 
instrumentation amplifier from 1 to 1000. Then as the A/D has a 
fullscale range of lOV or ±10V, the gain of the instrumentation 
amplifier will determine the full scale input sianal required to 
produce a lOV or ±10V output. At a gain of lOOO' the input signal 
voltage will be lOmV full scale. For a gain of 1, no resistor is 
required as the instrumentation amplifier is defaulted to this 
value internally. The gain of the instrumentation amplifier in terms 
of the gain selection resistor Rg is: 

G = 1 + 2 X 10^ 



or 

Rg = 2 X 10^ 
6-1 

As the gain of the instrumentation amplifier is increased, the 
time allowed for the amplifier to settle must also be increased. 
This is accomplished by the addition of a single timing capacitor 
Ct. The location of the Rg resistor and Ct capacitor is printed 
on the interface board. The table below shows the resistors and 
capacitors required for some standard ranges. 
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CHART OF INPUT RANGE PARAMETERS 

















Input Range 


Gain 


RG (ohms) 


Ct 


System 
Accuracy 


Amplifier 
Settling 


Throughput ! 


lOmV, ilftnv 


1000 


20.02 


0.015uf 


±0.1% 


250uS 


3.7KHZ 


15mV, ±25mV 


400 


50.13 


6800pf 


±0.08% 


120uS 


7.1KHZ I 


50mV, ±50mV 


200 


100.5 


3300pf 


±.07% 


70uS 


ll.lKHz 


lOOmV, ±100mV 


100 


202.0 


150pf 


±.05% 


40uS 


16.75KH2 


l.OV, ±1.0V 


10 


2222 


None 


±.03% 


12uS 


31KHZ 


2.5V, ±2.5V 


4 


6667 


None 


±.03% 


12uS 


31KH2 


5.0V, ±5.0V 


2 


20. OK 


None 


±0.03% 


12uS 


; 31KHZ 


10. OV, lIO.OV 


1 


None 


None 


±0.03% 


12uS 


31KHZ 

[ 


Note: Throughput 


1 











Amp Settling + 20uS 



8.3.4 DT2781/DT2785 Input Polarity Selection 

By using an appropriate Rg and Ct the user can configure the 
range of operations as required, the polarity of the input and 
data coding is then selected via jumpers as outlined below: 
Note: These jumpers are configured as pairs thus installing 
jumper ID nieans put a wire across the pair of posts labelled ID, 





JUMPERS 


POLARITY 


TWO'S COMPLEMENT 
DATA 


OFFSET BINARY BINARY 
DATA DATA 


Unipolar 


Not applicable 


Not applicable 


ID, 
5D, 6E 


Bipolar 


4D, , 40, 

5D, 5E i 6D, 6E^ 


Not 
applicable 
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L -c fe 



^- 






Ht 



8.4 Analog Configuration for DT2781/57xx and DT2785/57xx 

8.4.1 Ranges 

Both models have the capability of user selectable gain of the 
input amplifier. This can be done using the PGX option or by 
adding an external resistor. See table 8.4 and sections 8.4.2, 



2781/xx 
2785/57XX 



8.4.2. PGS Optio n 



from 1.25 F.S. to lOV F.S. 
from 5mV F.S. to lOV F.S. 
either unipolar or bipolar. 



The PGX option can be ordered with high resolution A/D modules It 
allows software control over the F.S. input range. Note that a 
timing cap of .022uF (14 bit) or .062uF (16 bit) must be installed 
for proper PGH operation. Also, install jumpers P6 and P7. 

PGH {2781/57XX) 



GAIN 

1 
2 
4 
8 



RANGE 

0-lOV, ±10V 
0-5V, ±5V 
0-2. 5V, ±2.5V 
0-1. 25V, ±1.25V 



PGL {2785/57XX only) 



8.4.3 Gain Selection with PGX 



GAIN 

1 
10 

100 
1600 



RANGE 

1-lOV, ±10V 
0-lV. ±1V 
0-lOOmV, ±100mV 
0-20mV, ±20mV 



8.4.4 



If no PGX option is present, then gain can be selected by an 
external resistor (Rg) and external capacitor (Ct). The gain 
equation for the instrumentation amp. is 



1 + 100,000 



or 



Rg = 100.000 
G-1 



See chart of Input Parameters (table 8.4) 

2781/57XX max gain = 10 

2785/57XX max gain = 2000 

Selection of SE/DI and U/B 

None of the higher resolution models a e field selectable in 



these parameters. They must be factory ordered 
description.) 



(See product 
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8.4.5 Data Notation for 14 Bit Resolution 

Parallel digital outputs are provided in binary code. A unipolar 
input (0 to F.S.) should be jumpered to produce a straight binary 
output. A bipolar input (±F.S.) can be jumpered to produce offset 
binary coding or 2's complement coding. The two least significant 
bits are ignored. 



CODE 


RANGE 


16 BIT BINARY CODE 


Binary 


+F.S. 



177774 - 177777 
000000 - 000003 


Offset 


+F.S. 

-F.S. 


1 




000000 - 000003 , 


2's 

Compl ement 


+F.S. 

F.S. 


077774 - 077777 
000000 - 000003 
100000 - 100003 



8.4.6 Data Notation for 16 Bits 

Parallel digital outputs are provided in binary code. A unipolar 
input (0 to F.S.) should be jumpered to produce a straight binary 
output. A Bipolar input (±F.S.) can be jumpered to produce offset 
binary coding or 2's complement coding. 



CODE 


RANGE 


16 BIT BINARY 


CODE 


Binary 


+F.S. 



177777 
000000 




Offset 
Binary 


+F.S. 

-F.S. 


177777 
100000 
000000 


! 


12 -s 
Complement 


+h.S. 

-F.S. 


077777 

000000 
100000 


! 
1 
1 

1 
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INPUT RANGE 



CHART OF INPUT RANGE PARAMETERS 

Cert AMPUFIER SFTTLING TIME 



i 

Unipolar 



OtI ^SmV 
Oil >)OniV 
to *25niV 
t| -•SOmV 
Oil lOOmV 
Oil -IV 
lo *2.SV 
l« 5V 



1 



Bipolar 



«SinV 

*IOinV 

t2SmV 

^SOmV 

±)00mV 

ilV 

125V 

iSV 



CAIN 



2000 

1000 

400 

200 

100 

10 

4 

2 



Rem 
On Ohm*) 



50.02 
100.10* 
250.&2* 
502 J]- 
1,010.1* 
11.111* 
33333* 
100,000» 
NONE 



fm uF) 



DTS716 DT5714 OTS712 



0.470 
0.220 
0.0S2 
0.039 
.022 
None 
None 
None 
None 



0.100 
0.056 
0.022 
0.010 
0.0047 
None 
None 
None 
Nont 



0.056 
0.022 
0.010 
0M47 
0.0023 
None 
None 
None 
None 



(in Milfifcc) 



DT57UpTi714 DT5712 



SYSTEM 
ACCURACY 



THROUGHPUT RATE 
On Hi) 



34X 

12.0 

4J 

2.4 

1.2 

.3 

J 
3 



5J) 
3.0 
1.2 

4 

JI7 

417 
.07 
.07 



iJD 

15 

.( 

J 
.15 
MS 
.025 
.023 
.025 



DTi7)« I DT5714 



t.13% 


t.14% 


£.06*. 


£.08% 


2.035% 


ju040% 


£.020% 


1.022% 


♦ .010% 


£.020% 


•.0]0% 


±.015% 


i.0JOV 


i..C!2% 


i.009*. 


1.01% 


.0075*, 


1.01% 



DT5712 



S.11% 
£.10% 
£.08% 

.fj)7% 
*.05% 
2.03% 
J. 03% 
;.03% 
1.03% 



DTS716 



40 

•0 

200 

400 

soo 

2500 
2S0C 
2500 
2500 



DT57M 




• Tht« .esittort .re offered at aPfeci.ion Re>i.ior Gain Sel.clion Kit. Model number DT13O050M. for Kljh accuracy gain ^.lir, 

REXT » lOC.OOO / ( C-1) 1 

Throughput Time « Amplifier Seiiung Time ♦A^D Convcrtion Time 



8.5 External Trigger Configuration 

The DT2781 series allows the user to synchronize A/D conversions 
from two external sources. Each of the two sources may be 
enabled or disabled individually by software by setting or clearing 
certain bits of the control and status register. The source de- 
signated as RTCINL is applied to the board via user connector Jl pin 
21. The source designated as EXT TRIG, may be selected by the user to 
the signal applied at user connector Jl pin 19 or the BUS EVENT line 
{BEVENT L) which is a 50/60 cycle signal appearing on the computer 
bus. To select the source for the EXT TRIG signal jumper pairs 
Fl and F2 are used as outlined below. 

EXT TRIG source comes from Jl pin 19 - Install Fl 

EXT TRIG source comes from BUS EVENT line - Install F2. 

8 . 6 D/A Configuration (All Modc^.s ) 

The output range, data, polarity and the format of the digital 
data presented to the DACs are user selectable as outlined in 
the tables below. Note that both DAC A and DAC B must operate with 
the same data coding and output polarity configuration. However, they 
need not both operate at the same range (i.e. DAC A may be strapped for 
ilOV full scale while DAC B may be strapped for ±5V full scale, and 
both must operate with the same data format, either two's complement 
or offset binary). 
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Range & 
Polarity 



Binary Data 
Format 



Offset Binary 
Data Format 



Two's Complement 
Data Format 



±10V 



Not applicable 3A to 5A 
(N.A.) ; D2 to D3 



3A to 5A 
Dl to D3 



±5V 



N.A. 



lA to 2A, 3A to 
5A, D2 to D3 



lA to 2A, 3A to 
5A, Dl to D3 



0-lOV 



lA to 2A 
D2 to D3 



N.A 



N.A 



0-5V 



lA to 2A, 3A \ N.A 
to 4A, D2 to ; 
D3 1 



N.A 



JUMPER TABLE DAC A 



Range & 
Polarity 


Binary Data 
Format 


Offset Binary 
Data Format 


1 
Two's Complement ' 
Data Format 


±10V 


N.A. 


IB to 5B 
D2 to D3 


IB to 5B 

Dl to D3 i 


±5V I N.A. 

1 ! 


2B to 3B, IB to 
5B, D2 to 03 


2B to 3B, IB to 5B: 
Dl to D3 \ 


to-lOV ; 2B to 3B 
D2 to D3 


N.A. 


N.A. ' 


0-5V 2B to 3B, IB to 

i 4B, D2 to 03 

1 i 


N.A. 


N.A. 

1 



JUMPER TABLE DAC B 
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t*oo 



J«i c 
tot o 

I 0| o 



A/D RANGE ADJUST 



A/D OFFSET ADJ UST 






OTI>0*0 






{iTJ> B7 






B6 



• 








• 






• 1 




r^ 




• 





Kin B5 



^te 



■I* 



< 



]r 



C4 







- iiiiT- 

■ iin 



'J 



H2 



F2 







n 
O 



_B3" A3'- '- :- 

, i*'^. •! •, . o-««»_L 



(J 



E2 



J n:2i; 



m 



ijse:] 



tniM« 



-• 
o- 



-o 



D2 



C2 



30„OI 



J1 






C»l« 

3CK3 



HI 



F1 



Bt 



El 



D1 



CI 



m 



o o«« J 

0-0>r 

0--0v< 
0-ov» 
O Ovf 
O- Ov« 
0-o»> 

< 

O J«* 

O- 0«ii 
O-Otif 



Jp 



Figure 8. 3 





COM Po NIENT 


OlS^CWATtOMS 
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lAIION INC 


SIZE 

A 


CODE lOENT NO. 

EPOT-'f 


DRAWING NO. 

1 I070074 


Rev. 
C 


SCALE 


JSHEET 1 OP \ 1 
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CHAPTER 9 



Table 9.1 shows the various models and the connection schemes 
available. 



9.1 



MODEL 


SE/DI 
Yes 


JUMPER SELECTABLE 


NUMBER OF INPUTS 


DT2781 


16SE/8DI 


DT2781/57XX 


No 




16SE/8DI 


DT2785 


Yes 




16SE/8DI 


DT2785/57XX 


No 




16SE/8DI 



Please note that there is no expansion capabilities on any 
of these models. 

«;inqle-Ended Inputs - 16 Channels 

Single-ended analog inputs - Single-ended connections are 
those which have a common side that is referenced back to 
analog common of the system. The advantage of this scheme 
is that the user gets twice the number of channels in the 
same space. The major disadvantage is that the user gives 
up any common mode rejection he might obtain from a differen- 
tial system. 

Recoffwiendations : 

High level inputs, greater than IV. 
Short lead lengths, less than 15 ft. i 



;; 



v: 










r 


J 



cm 



r.v 

V^ cm 



~^ 




18 AMP IN 




17 AGND 

-o 



V 



Fig. 9.1 Single Ended Inputs ^ 
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Fig- 9-1 Single Ended Inputs (continued) 

Where VCM « Conmon Mode Voltage 

Pseudo - Differential Inputs - 16 Channels 

Pseude - Differential mode can be utilized with a single ended 
system if the user has all input sensors referneced to a conmon 
ground point. In this manner the input instrumentation amplifier 
can reject common mode noise. This is possible since the AMP LO 
input is brought out to connector Jl for user connection. The 
following diagram illustrates - 

Recommendation : 

Input Ranges: IDOmV to lOV 
Lead Lengths - less than 25 ft. 



cm 



I 
-z> — 



1 



I 



I 



> 




AMP IN 



18d- 

I 



17 o Ar^Nn 




V 



■> 



Fig. 9.2 PSEUDO-DIFFERENTIAL 
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9.3 



Differential Inputs - 8 Channels 



Differential Inputs - when the differential input scheme is 
utilized, there are two switches per channel, thus the number 
of channels are cut in half. The benefits are that common 
mode voltages, i.e. voltages appearing on both sides of the 
source simultaneously can be rejected by the differential input 
instrumentation amplifier. This CMR accounts for "a much quieter 
system. The amount of CMRR depends on how well balanced the 
instrumentation amplifier is. 

Recommendations: 



Input Ranges: 
Lead Lengths: 
Lead Type: 



lOmV to lOV 
As required by user 
Twisted Pair (Low Level) 
Shielded Input line. 



cm s^y 




;i7 



AGND 



V 



■> 



Fig. 9.3 DIFFERENTIAL INPUT 
CONNECTION 
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9.5 Avoiding Spurious Signals 

In order to obtain the best performance from a system, certain 
guidelines in connecting analog signals to the system'should 
be utilized. These guidelines and precautions will minimize 
the pickup of electrical noise by measuring circuits. 

9.5.1 Twisted Pair Input Lines 

The effects of magnetic coupling on the input signals may 
be reduced for differential input configuration by twisting 
the signal and return lines. This is effective since the 
inductive pickup voltages on the two lines tend to match, thus 
not having an effect on the measurement. This is not the 
case for a ground referenced single ended system. 

9.5.2 Shielded Input Lines 

The effects of electrostatic coupling may be reduced by shield- 
ing the input lines. This becomes important if the source has a 
high impedance. The shield should only be tied to ground at the 
instrument end. This will prevent ground loop currents. 

9.5.3 Input Settling with High Source Impedance 

Solid state multiplexers inject a small amount of charge into 
the input lines when channels are switched. This can cause 
a transient error due to the input source impedance time 
constants. All Data Translation systems allow for input set- 
tling upon new channel selection. The settling time varies for 
the different input systems available. 

Normally, the control logic allows sufficient time for this 
charge to settle to less than iLSB of error (nine time con- 
stants to .012 percent). However, more time may be needed 
when the multiplexer is switching an input channel with high 
source impedance, particularly when large amounts of shunt 
capacitance exists in the interconnecting cables. Source 
impedance/cable shunt capacitance products greater than 1 uSec 
(IK-IOOOPF) on 25KHZ units should be avoided for less than 
50PF/foot and IK ohm source impedance. This translates into a 
maximum run of twenty feet on 25KH2 models. Note also that 
settling errors can be minimized by increasing the internal 
time out with an external capacitor C (^60PF per uSec). 

9.6 Common Mode Rejection Ratio - (CMRR) 

The CMRR of a system is defined as the ratio of output voltage 
from the instrumentation amplifier to the voltage which is 
common to both sides of the differential input amplifier. This 
ratio is given in units of decibels. 
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9.6 
(Cont.) 



9.7 



For example, the specification for CMRR on Data Translation s 
wide range interface is lOOdb at 60HZ at a gain of 1000. Thus 
with a CMV of 10 volts, the V out of the amplifier at a gain ot 
1000 should be: 



CMRR = 201ogjQ 



( CMV ) 
(VOUT/A) 



Where CMRR = common mode rejection in db 
CMV = common mode voltage 
VOUT = The change in the amplifier output voltage 

due to the CMV. 
A = Amplifier gain 



100 



201og.. ( CMV ) 
VOUT/A) 



no 



Antilog (100) 
20 

10^ 



10^ 
VOUT/1000 

VOUT 



1 



VOUT = 10 V. 

Thus with a CMV of 10 volts, the output of the instrumentation 
amplifier is 100 millivolts. 



User Connections 



User connections are made via a 26 pin 3M type connector 
connector contains all analog input lines, D/A output lines, 
and external trigger inputs. 



This 



rnwNFrTnD 



11 



1 -3 



15 



17 



21 



23 



25 



Jl CONNECTOR 



PIN 


SIGNAL NAME 


PIN 


SIGNAL NAME 


1 


CH0 


2 


CH8/RET0 


3 


CHI 


4 


CH9/RET1 


5 


CH2 


6 


CH10/RET2 


7 


CH3 


8 


CH11/RET3 



CH4 



10 CH12/RET4 



CH5 



rwfi 



12 CH13/RET5 



Id 



r.H14/RFT6 



CH7 



16 CH15/RET7 



A GND 



18 AMP IN 



19 EXT TRIG L 



RTCINL 



DAC B RET 



20 



D GND 



22 



D GND 



24 DAC B OUT 



DAC A RET 



26 



DAC A OUT 



RTCINL on Wire Post 
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'■8 External Trigger and RTC In pnti 

This series of analog Interfaces allow the user to e.tBrn»ii„ 
«rf?o'n to'%«r!n'rI°"- THUS allowing sjchronizj iof oT?J i! 
can ; pv the u^r wJfh'a'SJirr '^^V"^^' "'»» Translation 

sinii! : SS '^'^^^ 

t"an;f;io'n%"? ;SrjSjSt's?Sn"a'?lJ?r" *^' -'"^- '-''- to '0.) 



CHAPTER 10 

jQ.O Calibration and Testing 

10.1 Fq uipment a nd S ystem R equirements 

m order to assist the user in testing the operation of the 
DT2780 series interfaces. Data Translation has developed 

equipment requirements for this software are given below. 
SP0031 - All models 

■^PnnSl System Requirements 
Paper Tape: 

KDll-F (LSl-11) processor, ECO #10 or greater 

or 

KDU-HA (LSl-11/2) processor 

Minimum of 4K words RAM 

Serial Interface at Standard DEC console address 

Paner taoe reader . 

Beta Translation DT2780 series interface. 

Floppy Disk 

KDll-F (LSI-ll) processor, EC) *10 or greater 

or 
KDll-HA (LSI-11/2) processor 

Minimum of 8K words RAM ^ , . ..^ ,^n^nlP address 
System console terminal at standard DEC console address 
DEC compatible dual floppy disc drive system 
RT-U operating system (Version 2 or Version 3) 
Data Translation DT2780 series interface 

lP<^t Eq uipment Requirements 

lOMHz or greater bandwidth oscilloscope 
Laboratory quality voltage standard 

10 2 loading SPOn^l from Paper Tape 

1. Load the LSI-U absolute loader (see DEC documentation for 
information on this.) 
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10.2 

(Cont.) 2. Place the paper tape in the paper tape reader. 

3. Start the absolute loader at location XXX500 where XXX 
IS determined by the following table: (See 10-2) 

System Memory Size XXX 

4K 017 

8K 037 

12K 057 

16K 077 



20K 


017 


24K 


137 


28K or greater 


157 



Following this procedure will cause SP0023 to be loaded into 
memory and executed. 



10.2.1 Loading Floppy Disk 



The SP0031 diskette contain an RT-11 memory image file called 
SP0031 SAV. This is a linked and executable version of SP0023. 
To load and execute SP0031, the user should boot up RT-11 in the 
usual way with the system disk in drive 0. When RT-11 comes up 
the user should insert the SP0031 disk into drive 1 and type the 
following command string to the RT-11 monitor; 

RUN DX1:SP0031 (Return) 

This will cause SP0031 to be loaded and executed, at this time 
the SP0031 monitor will have control of the system and RT-11 
will be prevented from interfacing. 



10.3 Using SP0031 



SP0031 is a stand-alone software diagnostic package that allows 
the user to test Data Translation's dual-height series of 
LSI-11 interface cards. The test program does not need RT-11 
once it has been loaded and in fact it flushes RT-11 from the 
system after it has loaded. To allow the user to control the 
testing procedure a monitor has been included that interfaces 
to the user. When SP0031 is brought up this monitor is auto- 
matically entered. On start up the resident monitor prints out 
the directory of the various Data Translation interface boards 
that can be tested followed by the monitor prompt character 
">" (a right angle-bracket). At this point the user shoulci 
set the desired model number to be tested using the MODEL conn-- : 



in-? 
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(Cont.) for example: 



Model (Space) DT2781 (Return) 

would set up the program to test the DT2781 Analog Input Board. 
The monitor would then invoke all the necessary initialization 
routines to test this board and confirm the board model by 
printing out a confirmation message followed by the default 
base and vector addresses that will be used. These base and 
vector addresses have been preset at the factory and need 
not be changed. If for some reason, however, a change in the 
base or vector address is required, the user can modify locations 
542 (base address) and 544 (Vector address) to the new address. 
In order to easily facilitate this change the SP0031 monitor 
also has some subset capabilities of ODT. In particular, the 
user can use the slash and back-slash characters to open and 
modify memory locations just as in ODT. Therefore, if the user 
needs to change any location, he should type the address 
followed by a slash (/) or back-slash ( ), the monitor wi 1 
then open that location just as in ODt. The user can roll 
up or down sequentially in memory by using the line feed or 
carat ( ) keys. The SP0031 monitor is reentered from the 
ODT mode by typing a carriage return. Like ODT a memory 
location will only be modified if a valid octal number is 
typed before any of the ODT terminator characters. For example, 
to change the base and vector address of the DT2762 tests one would 
type: 

542/177700 170400 (line-feed) 

000544/000300 400 (return) 

to change the base address to 170400 and vector address to 400. 
Note that this change is only temporary and the default addresses 
will be reloaded if the model number is retyped or if SP0031 is 
reloaded. In addition to these commands the SP0031 test 
executive allows the user to ask for the model directory, to 
start tests, to loop or halt on tests or even to reboot RT- 11. 
The corimands available to the user under the SP0031 test 
executive are listed on the following page. 

Example: User wants to run a scope loop on Test 2 because an 
error is encountered. Type: 

Tl TTCT /Cr.arQ^ 5 

In this case the program will loop on Test 2 and inhibit error 
printouts. 

If a test is run and no errors occur, the test will -return to 
the SP0031 command level without any other messages. If however, 
an error does occur, then the test will P^int out the test 
number and error code. The user may look up the facing of 
each error code in the program listings given in Appendix A. 
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Test Descriptions 



10.5 



All descriptions of the tests and the set up requirements 
needed for any particular test are described in detail in the 
program listings at the beginning of each test. 

SP0031 Program Description 

SP0031 consists of two groups of tests. The first group 
contains a series of tests which test all the logic of the 
interface board. These tests contain scope loops for d-r^ug 
purposes and will provide an error message if a problen exists. 
The second set of tests test the analog operation and calibration 
of the boards. 

A listing of all the tests for testing DT2780 series boards can 
be found at the beginning of the program listings. 

Note that the user can run all the logic tests by using the 
monitor ALL-command. Calibration tests, however, must be run 
individually. 



COMMAND 
ALL 

BOOT 

DIRECTORY 

EXIT 
MODEL 

MODEL (Space) DTXXXX 



FUNCTION 

Runs all logic tests that are 
present for current device. Generates 
an error if there is no current 
device. 

Jumps to the standard hardwa'-e 
bootstrap (173000). Generates an 
error if there is no bootstrap 
present. 

Displays the contents of the 
current directory. 

Halts the processor 

Displays the parameters associated 
with the current device. Generates 
an error if there is no current 
device. 

Searches the current directory for 
the given model number. If found, 
makes that model the current device. 
Generates an error if ther^ is no 
current directory or if the model 
number cannot be found. 



TEST 

octal 
TEST (Space) number 



Runs the last test executed. 
Runs the indicated test. 
Test Command prefixes - The following command prefixes are to be 
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10.6.1 



used with the TEST command to control the execution of the various 
tests. 

COMMAND PREFIXES TO TEST EXECUTION COMMANDS 

R (TEST command only) repeat this test continuously 

L (both TEST and ALL) 



H (both TEST and ALL) 



Loop on this test if an error is 
detected. 

halt test stream if an error is 
detected. 



1 (both TEST and ALL) inhibit error printout 

Control-C will terminate any test. 

Example: User wants to run a scope loop on Test 2 because 
an error is encountered. Type: 



ILTEST (space) 2 

In this case the program will loop 
printouts. 



on test 2 and inhibit error 



SP0031 Error Codes - SP0D31 will print an error code when a 
specific error is encountered. All codes are in the program 
listing and show the error and what test the program was in 
when a failure occured. Use the table of contents printed at 
the front of the listing to quickly find the Ipages in the 
listing associated with the test that generates the error. 



SP0031 


Tests 


Logic Tests: 


Test 1: BRPLY from all registers 


Test 2 


Check ADCSR bits 


Test 3 


BINITL action 


Test 4 


Byte operation of ADCSR 


Test 5 


A/D Done bit and interrupt 


Test 6 


Error bit and interrupt 


Test 7 


End of logic tests 


Calibration Initialization 


Displays A/D Data 


Test 10: A/D Calibrat: n 


Test 11: A/D Input channel scan 


Test 12: A/D Input gain/channel scan 


DAC Initialization 


Test 13: A/D in to D/A out 


Test 14: D/A ramps 


Test 15: D/A calibration 


Test 16: D/A square waves 


Test 17: D/A out to A/D In 


Test D 


escription 



All description of tests are located in the program listing 



at the beginning of each test. 



10.6.2 Modes of Operation 



1 r» /• '^ 1 
iU. D. J. i 



Test 10, 11 and 12 will ask for a MODE input when they are 
called. This MODE input is the lower byte of the CSR. 

When a user wants to run an interface under RTC control or 
EXT TRIG he can set these bits when the program asks for MODES 
If a user wants to run under EXT TRIG he will set the MODES 
as 20g. The GSO and GSl are bits to set the range for the PGX 
option. 



T 



RTC EXT GSl GS0 
TRIG TRIG 
ENA ENA 

MODE BITS FOR USE IN TEST 10, 11 AND 12. 

10.6.3 Calibratio n 

Calibration of the system requires a voltage standard for highly 
accurate analog inputs and a DVM for calibration of analog 
inputs. Note: User must calibrate ADC first, followed by 
the two D/A converters. 

Equipment Required: 

Voltage standard - EDC Model MV-lOO or equivalent 

- Data Technology Model 40 or equivalent. 

Calibration of A/D Converter for DT2781/DT2785 

Configuration ±10V FS, 2's complement notation: 

1. Connect a Voltage Standard to CH0 input 

2. Set standard to -2.4mV 

3. Start A/D Calibration test at CH0, Mode 0. 

4. Adjust A/D offset for the printout between 177777 and 00000. 

5. Set voltage standard to +9. 9927V 

6. Adjust A/D range control for printout between 003776 and 003777 

Note: For ±10mV systems (DT2785) divide above voltage values 
by 1000. (Octal values remain the same.) 



10.6.3.2 27XX/5714 A/D Calibration 

Configuration ±10V FS, 2's Complement 

1. Connect a voltage standard to CH() 

2. Set standard to -9.99939V 

3. Start A/D calibration test (test 19) CH0, mode 0. 

4 Adjust A/D offset for printout between 173774 and 174003 
The two least significant bits are ignored. 

5. Reset standard to +9. 9982V 

6. Adjust A/D range for printout between 3777 and 3774 
(2 least significant bits ignored) 

10.6.3.3 27XX/5716 A/D Calibration 

1. Connect a voltage standard to CH0. 

2. Set standard to -9.99985V 

3. Start A/D calibration test (test 10) CH0, Mode 0. 

4. Adjust A/D offset for printout between 173777 and 174000 

5. Reset standard to +9.9991 

6. Adjust A/D range for printout between 3777 and 3776. 
10.6.3.4 D/A Calibration (Both Channel ) Configuration ?'s Complement Input 

1. Connect lab quality DVM to DAC A out (pin 26). Ground 
DVM on DAC ret. (pin 25) 

2. Start D/A calibration, (test 15) 

3. Press space bar on terminal until approximately -lOV is 
read on DVM. 

4. Adjust zero put until exactly -lO.OOOOV is read 

5. Press space bar until +10V is read 

6. Adjust range pot until +9. 9951V is read 

7. Repeat for DAC B 

8. Repeat for DAC A 
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10.7 Adjustment Values 
10.7.1 Notes on Full Scalp (f'^) 



10.7.2 



10.7.3 



Full Scale (FS) is the amount of input voltage required to 
turn on all the bits of the A/D converter. For a D/A con- 
verter, the inverse is true: Full Scale is the voltage that 
results when all bits of the converter are turned on. 

In a 12 bit converter there are 4096 possible states (2^^). 
Because one of these states is given to zero, the converter 
lacks one state at its high or positive FS end. Hence even 
though the converter is rated at 10 volts Full Scale, the 
positive Full Scale value will actually be 1 state (i least 
significant bit value) below 10 volts. For example, a 0-10 
volt range converter has a least significant bit value of 
2.44V (10 volts / 4096 states). The positive Full Scale 
will be reached at 10 volts -2.44 mV or 9.99756 volts. The 
negative full scale (in this instance taken to mean the voltage 
associated with all converter bits OFF) will be volts. 

The Full Scale Range is the difference in voltage between 
positive Full Scale (all converter bits ON) and negative 
full scale (all converter bits OFF). Thus a 0-10 volt 
converter has a Full Scale Range of 10 volts while a =10 volt 
converter has a FSR of 20 volts. 

Computing Calibration Values for 12 bit ADC 

(Note: LSB (least significant bit) = FSR ^ 4096 

A/D Offset Adjustment Values for 12 bit ADC 



Unipolar Ranges 



O-n Volts, n<:10 



Adjust for Printout Between 



Input Range 



Input Voltage ' Low Value 



High Value 



any 

any, Octal out- 

■0-10 P^^ 

jO-5V 

0-lOmV 



rKSB 

iRSB 

+1.2207mV 

+0.6104mV 

+1.220uV 





' 0000 

0000 

! 0000 

i 0000 



1 LSB 
0001 
0001 
0001 
0001 
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Bipolar Ranges 



{+n Volts, n^lO) 



Adjust for Printout Between 



Input Range Input Voltage ' Low Value 



any volts -iLSB 

any, OCTAL out- volts -HSB 

put 
±10V :-2.4414mV 



volts -ILSB 
177777 

008777 



High Value 



volts 

000000(2 's complement) 

004000(offset binary) 



±5V 
ilOmV 



-1.2207mV 
-2.4414uV 



10.7.4 A/D Range Adjustment Valves for 12 bit ADC 

Unipolar Ranges (0-n Volts, n^lO) 



Adjust for Printout Between 



Input Range Input Voltage Low Value ' High Value 



any 



+FS-ULSB 



+FS-2LSB 
007776 



+FS-1 LSB 
007777 



any, OCTAL out- 
put +FS-ULSB 



0-10 
0-5V 

0-lOmV 



+9. 9963V 
+4. 9982V 
4-9.9963mV 



Bipolar Ranges 



(±n Volts, N<;iO) 



Adjust for Printout between 



Input Range Input Voltage Low Value High Value 



any 



+FS - ULSB 

any, octal out- 
put +FS - ULSB 



±10V 

±5V 

±10mV 



+9.9927 
+4.9964 
+9.9927mV 



+FS-2LSB +FS - ILSB 

003776 003777(2's complement) 
007776 0077771offset binary) 
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10.8 



10.8.1 



10.8.2 



Computing Calibration Values 

(Note: LSB (least significant bit) = FSR 16384 
Ignore 2 LSB 



A/D Offset Adjustment Values 
Unipolar Ranges 



0-n Volts, n^lO 



^Adjust for Printout between 



ilnput Range 


Input Voltage 


Low Value 


High Value 




any 




+JLSB 





1 LSB 




any. Octal 


out- 
put 


+iLSB 


177774 


000003 




;o-io 




+.3052mV 


177774 


000003 




:0-5V 




+1.526mV 


177774 


000003 




lo-lOmV 




+.3052uV 


il77774 


000003 





Bipolar Ranges 




(+n Volts, n eiO) 


Adjust for printout between 


Input Range 


Input Voltage 


Low Value High Value 



any 

lany .OCTAL out- 



volts -RSB 



volts -ILSB volts 



put volts -iLSB 

:=10V -.6104mV 

l;5V -1.2207mV-.3052mV 

■ilOmV -.6104uV 

A/D Range Adjustment Valves 
Unipolar Ranges 



177777 
037774 



000000(2 's complement) 



040003(offset binary 



.,,\ 



(0-n Volts, nv_10) 



Adjust for printout between 



Input Range Input Voltage Low Value High Value 



any +FS-liLSB 

any, Octal out- 
put +FS-liLSB 

0-10 +9. 99908V 

0-5V +4. 99954V 

0-1 OmV +9.99908mV 



+FS-2LSB 
077774 



+FS-1LSB 
100003 
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Bipolar Ranges 



(tnVolts, n 10) 



Adjust for Printout between 



Input Range Input Voltage Low Value High Value 



any +FS - ULSB +FS-2LSB 

any, octal out- 
put +FS-ULSB 037774 

±10V +9.9927+9. 99817V 077774 

±5V +4. 9964+4. 99908V 

±10mV +9.9927mV+9.99817mV 



+FS-1LSB 

040003(2 's conplement) 
100003(offset binary) 



10.9 Adjustment Values 

10.9.1 Notes on Full Scale (FS) 

Full Scale (FS) is the amount of input voltage required to 
turn on all the bits of the A/D converter. For a D/A con- 
verter, the inverse is true: Full Scale is the voltage that 
results when all bits of the converter are turned on. 

12 
In a 12 bit converter there are 4096 possible states (2 ). 

Because one of these states is given to zero, the converter 

lacks one state at its high or positive FS end. Hence even 

though the converter is rated at 10 volts Full Scale, the 

positive Full Scale value will actually be 1 state (1 least 

significant bit value) below 10 volts. For example, a 0-10 

volt range converter has a least significant bit value of 

2.44V (10 volts / 4069 states). The positive Full Scale 

will be reached at 10 volts -2.44mV or 9.99756 volts. The 

negative full scale (in this instance taken to mean the voi.ac;e 

associated with all converter bits OFF) will be volts. 

The Full Scale Range is the difference in voltage between 
positive Full Scale (all converter bits ON) and negative 
full scale (all converter bits OFF). Thus a 0-10 volt 
converter has a Full Scale Range of 10 volts while a ±10 
volt converter has a FSR of 20 volts. 

10.9.2 Computing Calibration Values for 16 bit ADC 
(Note: LSB 91east significant bit) = FSR 65536 

10.9.3 A/D Offset Adjustment Valves 
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10.9.4 



Unipolar Ranges 



(0-n Volts, n 10) 



^ut Range Input Voltage j Low Value 



^Adjust for printout between 



High Value 



any +iLSB 

any, Octal output+iLSB 
°-10 +.1526mV 
^■5^ +.076294mV 

""^OmV +.1526uV 




000000 
000000 
000000 
000000 



ILSB 
000001 
000001 
000001 
000001 



A/D Range Adius tment Valves for 16 bit ADC 

Unipolar Ranges ^n r. u i* 

I ^ (0-n Volts, n 10) 



^"-^ +FS-iLSB 

any, Octal output+FS-lRSB 

0-10 +9. 99977V 

0-5V +4. 99988V 

O-lOmV +9.99977mV 



Bipolar Ranges 



^"•y +FS -liLSB 

|Any, Octal output+FS-liLSB 

-lOV +9. 99969V 

-5V +4. 99985V 

-^OmV +9.99969mV 



^m^l^ange Input Voltage Low Value 



Adjust for Printout between 



High Value 



+FS-2LSB 
177776 



+FS-1LSB 
177777 



{^n Volts, N 10) 



i!W_Range Input Voltage Low Value 



Adjust for printout between 



High Value 



+FS-2LSB 

077776 

177776 



+FS-1LSB 

077777{2's complement 

177777(Dffset binary) 



ap-ii2 



CHART OF INPUT RANGE PARAMETERS 



INPLTTI 


{ANGE 

Bipolar 


GAIN 


Rcxt 

On Ohms) 


DT5716 


Ccxt 
On uF) 


A 


MPUFIE 



R SETTUNG TIM 
n MiUisec) 

DTS714 DT5712 


E SYSTEM 
ACCURACY 


THROUGHPUT RATE 
On Hz) 


Unipolar 


DT5714 


DT5712 


DT5716 


DT5716 


OTS714 


DT57I2 


DTS716 


DT5714 


DT5712 


to ♦SmV 


iSmV 


2000 


50.02 


0.470 


0.100 


0.056 


24.0 


6.0 


3.0 


t.I3% 


t.14% 


±.18% 


40 


166 


333 


to +IOmV 


ilOmV 


1000 


100.10* 


0.220 


0.056 


0.022 


12.0 


3.0 


13 


±.06% 


±.08% 


+.10% 


SO 


333 




to +2SmV 


l2SmV 


400 


250.62* 


0.082 


0.022 


0.010 


4.8 


1.2 


.6 


1.035% 


1.040% 


1.08% 


200 


833 


1600 


to -fSOmV 


+50mV 


200 


502.51* 


0.039 


0.010 


0.0047 


2.4 


.6 


J 


2.020% 


1.022% 


1.07% 


400 


1600 


3200 


to lOOmV 


llOOmV 


100 


1,010.1* 


.022 


0.0047 


0.0022 


1.2 


J 


.15 


±.010% 


1.020% 


i.05% 


800 


3300 


6600 


Oto+IV 


+1V 


10 


11.111* 


None 


None 


None 


J 


.07 


.025 


1.010% 


1.015% 


1.03% 


2500 


10,000 


20.000 


to +2.SV 


*2SV 


4 


33333* 


None 


None 


None 


J 


.07 


.025 


±.010% 


1.012% 


1.03% 


2500 


10.000 


20,000 


to *SV 


iSV 


2 


100,000* 


None 


None 


None 


J 


.07 


.025 


*.009% 


1.01% 


±.03% 


2S00 


10,000 


20,000 


Olo+IOV 


±10V 


1 


NONE 


None 


None 


None 


J 


.07 


.025 


1.0075% 


1,01% 


i.03% 


2500 


10.000 


20,000 



• These resistors arc oHcrcd as aPrecision Resistor Gain Selection Kit, Model number DT13-10S01-4, (or hish accuracy sain seltins. 
REXT< 100,000 /(G-1) 1 



Throughput Time = Amplifier Sctliins Time *KD Conversion Time 
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APPENDIX A 



DIAGNOSTIC LISTINGS 



A-1 



RT-11 LINK V05. 04fl 

SP0031. LDR TITLE: 

SECTION RDDR SIZE 

. ^^BS. 000000 001000 

SP0021 001000 000050 

DT2781 001050 003460 

TSTll 004530 006434 



LOAD MRP 
SP0031 I DENT: 



FRI 28-DEC-79 08:45:32 

V01. 01 



GLOBAL VALUE GLOBAL VRLUE GLOBAL VALUE 



(.RU, I.GBL, ABS, OVR) 

<RW. I,LCL. REL. CON> 
DIRECT 001000 

<RW, I.. LCL, REL. CON> 
T27S1 001050 T2785 
12785 001150 

(RW. I.. LCL. REL. CON> 
START 004530 



001050 12781 



001 If. I? 



TRANSFER ADDRESS = 004530,. HIGH LIMIT = 013164 = 2874 WORDS 



'T2781 TST-11 MODULE 
TABLE OF CONTENTS 



MACRO V0S. 98 



28-DEC-79 08:43:24 



1- 

2- 

■ 4- 

5- 

€- 
7- 
8- 
8- 
9- 
11- 
12- 

i:<- 

16- 
18- 
18- 
19- 
19- 
20- 
21- 
23- 
24- 
25- 
2€.- 



9 

1 

1 

32 

1 

1 
1 
2 
1 
1 
1 
1 
1 
1 

14 
1 

20 
1 
1 



GENERAL INFORMATION 

TEST PARAMETER BLOCK <TPB:> 

INITIALIZATION 

DISPLAV PARAMETERS 

ERROR REPORTERS 

MODEL TESTING INFORMATION 

LOGIC TESTS 



TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 



CALIBRATION 
DISPLAV A/D 



BRPLV FROM ALL REGISTERS 

CHECK ADCSR BITS 

BINITL ACTION 

BVTE OPERATION OF ADCSR 

A/D DONE BIT AND INTERRUPT 

ERROR BIT AND INTERRUPT 

END OF LOGIC TESTS 

INITIALIZATION 
DATA 



TEST 10 
TEST 11 
TEST 12 



A/D CALIBRATION 

A/D INPUT CHANNEL SCAN 

A/D INPUT GAIN/CHANNEL SCAN 



DAC INITIALIZATION 



TEST 
TEST 
TEST 
TEST 
TEST 



12 
14 
15 
16 
17 



A.T- IN TO D,-'R OUT 
D/A Fl^riPS 
D/A CALIBRATION 
D.'-'A SOUAPE WAVE? 
D/A OUT TO A/C:- IN 
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1 
2 
2 
4 

5 
6 
7 
8 
9 
10 
11 
12 
12 
14 
15 
16 
17 
18 
19 
20- 
21 
22 
22 
24 
25 
26 
27 



000000 



. LIST 


TTM 


. ENflBL 


LC 


. TITLE 


DT2781 TST-11 l-ODULF 


. I DENT 


/V01 02/ 


PSECT 


DT278J 


BIN 





NLIST 



SBTTL GENERAL INFORMRTION 



COPVRIGHT <C> 1979.. DflTR TRRNSLflTION INCORPORRTFD PM 
RIGHTS RESERVED. NO PART OF THIS PROGRRM OR PURL I CRT I ON 
MflV BE REPRODUCED WITHOUT THE PRIOR WRITTEN PERMISSION 
OF DRTR TRRNSLflTION INCOPRORflTED. 4 STRflTHMORF ROOD. 
NflTICK. MASS. 01760. 



THE INFORMATION IN THIS DOCUMENT IS SUB.TECT TO CHANOF 
WITHOUT NOTICE AND SHOULD NOT BF CONSTRUFn A=; O 
COMMITMENT BV DATA TRANSLATION INCORPORATED 



DATA TRANSLATION CANNOT ASSUME ANV RESRONSIB JL ITV FOR 
THE USE OF ANV PORTION OF THIS SOFTWARE FOR OTHER THAN 
ITS INTENDED DIAGNOSTIC PURPOSE IN CALIBRATING ANr> 
TESTING DATA TRANSLATION MANUFACTURED ANALOG AND 
DIGITAL INTERFACE BOARDS. 



31 
22 



VERSION 01-02 



24 
25 
26 
37 
28 
29 
40 
41 
42 
42 
44 
45 



PHILLIP MARTINEZ 27-JUL-79 
PHILLIP MARTINEZ 28-DEC-79 



THIS PROGRAM MODULE CONTAINS ROUTINES TO TEST AND 
CALIBRATE DTI DT2781 AND DT2785 SERIES ANALOG 
INTERFACE SYSTEMS FOR THE LSI-11 A COMPLETE LISTING 
OF THE MODELS TESTED BV THIS CODE MODULF WILL BF FOUND 
ON THE FOLLOWING PAGES. THIS MODULE IS DESIGNED TO 
OPERATE UNDER TST-11 SUPERVISION 



LIST 



BIN 



i 
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1 
2 
3 
4 

€ 

7 

e 

9 

11 

12 
13 
14 
15 
16 
1? 
18 
19 
20 
21 



THE DIFFERENCES BETWEFN V01-0? AND vrn-Pil fiPP 
IX THt TIMING IN TEST 3 HAS BEEN CHANGFr. Tn 

WAIT A FULL CONVERSION TIME BETWEEN TFIHi^fp 
BEFOR THE BIN IT SIGNAL IS CVCLFD 
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1 

2 

2 

4 

5 

6 000003 

7 

8 

9 

10 
11 

12 

±3. 
14 
15 
16 
17 
18 
19 
20 

21 000000 

22 000002 

24 000003: 

25 

26 

27 

28 000004 

29 000010 

30 000014 

21 000026 

22 0V30024 

22 000020 

24 000024 

25 00V3040 
3:6 000044 

27 000050 

28 000054 

29 000060 

40 000064 

41 000070 

42 000074 
42 

44 



. SBTTL TEST PflRFlMETEP BLOCK <TPB> 

i 

i TEST-ll DECLflPRTION 

f 

. MCRLL TSTll 
TSTll 

J 

; flDDITIONRL PRRRMETERS USED EV THIS DIRGNO^TTr 



000546 DELRV =546 
000522 ERRCNT =522 



; R/D DELRV COUNT STOPftHF 
, ERROR COUNTER 



TPB 



TEST PRRRMETER BLOCK 
HLIST BIN 
WORD PRRRM 



EVTE 


277 


, BVTE 


17 


.; TEST RDDRESS 


TRBLE FOR 


. WORD 


TESTl.. PR? 


. WORD 


TEST2.. PP7 


WORD 


TEST2. PR7 


WORD 


TEST4.. PR7 


. WORD 


TESTS.. PR7 


. WORD 


TEST6. PR" 


, WORD 


TEST7.. PR7 


. WORD 


TEST10.. 


. WORD 


TESTll.. 


WORD 


TEST12.. 


. WORD 


TEST12. 


. WORE' 


TEST14. 


. WORE:- 


TEST15. 


. WORD 


TEST16.0 


. WORE:- 


TEST17. 



RDDRESS OF PRRRMFTFR 
PRINT-OUT ROUTTNF 
RESERVED 
4» OF TESTS 



LIST 



BIN 



T2781 TST-11 MODULE 
INITIRLI2RTI0N 
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1 
2 

2 000100 

4 000104 



5 000112 

6 000120 

7 000124 

8 000126 

9 000124 



10 000142 

11 

12 000144 



12 000152 

14 000160 

15 000164 

16 000166 

17 000174 



18 000202 



19 000210 



20 000216 



005027 
0P|054@ 

012727 

000210 

000546 

004767 
000074 
102407 

012727 

000020 

000514 
000402 

012727 

000010 

000514 

004767 
000024 
102402 

112727 
000514 
000541 
012727 
170400 
000542 
012727 

000400 

000544 

000207 



SBTTL INITIflLIZflTION 

INIT81: CLR ©#SWR 

MOV #200 , (JtDELfiV 
INIT: 



1* 



2* 



RELMOV 
CRLL 


#CHNL. Rl 
QUEPV 


BCS 
SET 
MOV 


1* 

BIT6.. SWP 
#20. (?#ODTflC:C 


BP 


2* 


MCiV 


#10=rs#!:iDTfli::C 



RELMOV #DFICTVP. Pl 
CALL QUEPV 



INPUT ONLV MODFi 
SET WORST CfiSF r:.ELl=iS 

CHECK SE OP M 



IS SE 
IS DI 
SET CHFlNWFL NUtlBFP 



SET CHBfJNFi.. NliM?;Ff: 



CHECK DFir: TVFF 



BC? 
SET 
MOVB 



MOV 



MOV 



RETURN 



^•* • T'FlC IS OFFSET BINfiPV 

BIT7.SWP ; Oftc IF. 2-"=. nriMFLFMFNT 

ll'#ODTl=lCC . (ii#SWP+l 



#3 70400. (B#BRl=;F : SFT C'EFftI H T Rr.r.PF'-'- 



#400, C-# VECTOR : SFT DEFRULT VFrTOR 



RLL DONE 



DT2781 TST-11 MODULE 
INITIflLIZflTION 



1 000220 

2 000222 
2 000224 

4 000242 

5 990244 

6 990250 

7 990252 

8 999256 

9 900260 

10 000262 

11 000220 

12 000222 
12 

14 000224 

15 000226 

16 000220 

17 000222 

18 000224 

19 000226 

20 000240 

21 
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QUERY 
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22 

24 000242 

25 000265 

26 000405 
27 

28 
29 
20 
21 



24 



122700 

000121 

001427 
122700 

000116 

001422 



000726 
000261 

000401 

000241 



000207 



SPEED : 
DRCTVP 
CHNL : 



It 

2* 



PUSH 


Rl 


PRINTS 




PRINT 


< <V OR N>? 


TTVIN 




CMPB 


#'V.. R0 


BEQ 


2* 


CMPB 


t-'N. R0 


BEQ 


±t 


CRLF 




PRINTC 


<SEE MFINURL 


POP 


Rl 


BR 


OUERV 


SEC 




BR 


2* 


CLC 




TTVOUT 




CRLF 




POP 


Rl 


RETURN 





SAVE POINTER 
PRINT PROMPT 



fi "V"? 

A "N"? 

VES 

r.S I STANCE •:> 
RESTORE POINTFF 

SET CARRV Fl AH 

CLEAR CARRV FLAG 
ECHO CHAPflrTFP 

RESTORE Rl 



NLIST BIN 

ASCIZ "100 KHZ A/D MODULE" 

ASCIZ "2'S COMPLEMENT " 

ASCIZ "IS BOARD SE " 

EVEN 

. LIST BIN 



SBTTL DISPLAY PARAMETERS 



28 


000422 


PARAM : 


PRINT 


29 


000444 


012700 
000542 


MOV 


40 


000450 




0CT16 


41 


000452 




CRLF 


42 


000454 




PRINT 


42 


000500 


012700 
000544 


MOV 


44 


000504 




0CT16 


45 


900506 




CRLF 


46 


990510 


000207 


RETURN 



THIS ROUTINE DISPLAYS THE CURRENT SFTTINi? 
OF 'BASE- AND 'VECTOR' ON THE SYSTEM r.nN'-.niF 
TERMINAL. 



<BASE ADDRESS = > 

etBASE. R0 ■> GET BASE ADDPF:-.-. 

: DISPLAY 

<VECTOR ADDRESS = > 

ettVECTOR.. R0 ; GET VECTOR ADnPF -■- 

i DISPLAY 
; ALL DONE 



T2781 TST-11 MODULE 
RROR REPORTERS 
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1 

2 

4 

6 

7 008512 
e 080556 
9 000568 

10 000562 

11 000564 
12 

13 
14 
15 
16 

17 800566 

18 000610 

19 800624 

20 800626 

21 800620 

22 000622 

22 000624 

24 000650 

25 000652 

26 000654 

27 000656 

28 000672 

29 000674 

30 800676 

21 000700 

32 000702 

23 000716 

24 000720 

25 000722 
36 000724 



SBTTL ERROR REPORTERS 



i THIS ROUTINE PROVIDES ERROR REPORTING FOR Bl.lS 



TTMC—OiiT e-oortE-i- ._ 



k ■ t^. S^Kf I 



818180 



880207 



NORPLV: PRINT <N0 BRPLV WHEN ACCESSING LOCRTintJ 
MOV Rl, R0 

OCTie ; DISPLAV ADDPF--- 

CRLF 

RETURN i. DONE 



THIS ROUTINE PROVIDES ERROR REPORTING FOR RFni'-TFF 
BIT ERRORS -rONE OR MORE INCORRECT BITS IN ft PPCT-Ti 



REG 



010100 



010200 



011600 

074200 



000207 



PRINTC 

PRINT 

PUSH 

MOV 

0CT16 

CRLF 

PRINT 

MOV 

0CT16 

CRLF 

PRINT 

MOV 

XOP 

0CT16 

CRLF 

PRINT 

POP 

0CT16 

CRLF 

RETURN 



<REGISTER ERPOR> 
■CflDDRES? > 
R0 
Rl.. R0 



•CEXPECTED 
R2.. R0 



SfiVE P0 
GET RDDPF:-? 



GET EXFECTFP. 
DISPLRV 



.'r; I iP 



-CFOUND : 
< SP > . R0 
R2. R0 



<BITS 
R0 



GET BRD PITS 
GFNERftTF c.rjf^p--HnT 
DISPLRV 
FORMRTTING 

GET ERROR PIT? 
DISPLRV 

DONE 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 
15 
16 
17 
18 
19 
20 
21 
22 



NLI«:T BIN^^^ ^'^^^^ TESTING INFORMftTION 

Itl^f^i?^! MOC^ULE CONTAINS THE ROUTINES NECESc.RPV 
TO TEST THE FOLLOWING DTI INTERFACE MODELS: 



DT2781 HIGH LEVEL RNflLOG INPUT 
12781 ==INIT81 
T2781 ==TPB 



f DT2785 WIDE RANGE ANALOG INPUT 

12785 ==INIT81 
T27S5 ==TPB 



. LIST BIN 



24 
25 
26 
27 
28 
29 
30 
21 



SOFTWARE SWITCH REGISTER BIT RESERVATION'; 



BITS 14-15 
BITS 13-S; 
BIT 7: 
BIT 6: 
BITS 3-5: 
BITS 2-0: 



NOT USED 

# OF A/D CHANNELS 

2-S COMPLEMENT 

DI MODULE PRESENT 

NOT USED 

RESERVED 



T2781 TST-11 MODULE 
LOGIC TESTS 



1 
2 
3 
4 
5 
6 
7 
8 
9 000726 

10 000730 

11 000736 
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. SBTTL LOGIC TESTS 

. SBTTL TEST 1: BPPLV FROM ALL PEGI?TFPl=; 

THIS TEST VERIFIES THAT THE INTEPFAHE SV'=:tFM PE^Prffif' 
WITH A BUS REPLV SIGNAL DURING A BUS^DATlVi' Bi i^'^rval? 
ALL REGISTERS AVAILABLE ON THE BOARD ARE CHECKFr- 



12 000742 

13 000746 

14 000750 

15 000752 

16 000754 

17 '000760 

18 000762 

19 000764 

20 000766 

21 000772 

22 000774 

23 000776 

24 001000 

25 001004 

26 001006 

27 001010 

28 
29 
30 
31 
32 
33 
34 

35 001012 011602 

36 001014 010206 

37 001016 

38 001022 000113 



010602 

010037 
000004 
013701 
000542 

005011 

062701 

000002 
005011 

062701 

000002 
005011 

062701 

000002 
005011 



TESTl : MOV SP, R2 
RELMOV #2*, R0 
MOV R0, e#4 



1* 



SAVE SP 

SET UP TRAP TO a 



GET ADDPF?? 

DFCLAPF I nop PniNT 
DPT ID BUS CVCLF 
DFCLAPF I nOP POINT 
NEXT PFGISTFP 

DFCLAPF LOOP POINT 
DAT 10 BUS CVCLF 
DECLARE LOOP POINT 
NEXT PEGI-=-.TFP 

DFCl.RPF LOOP POINT 
DAT 10 Bll? CVCLE 
DFCLAPF LOOP POINT 
NEXT PFGISTFR 

DFCLAPF LOOP POINT 
DPT 10 BOS CVCI F 



ERROR CODE 1 - BUS TIMEOUT 



MOV 


0#BASE> R 


SCOPE 




CLP 


<:ri> 


SCOPE 




ADD 


#2.. Rl 


SCOPE 




CLP 


<R1 ::- 


SCOPE 




ADD 


#2,. Rl 


SCOPE 




CLR 


(Rlj 


SCOPE 




ADD 


#2.. Rl 


SCOPE 




CLR 


<R1> 


EXIT 





MOV 
MOV 
ERROR 
JMP 



<SP>.R3 

R2. SP 

1. NORPLV 

<R3::' 



GFT OFFFNr.INO PC 
RESTORE STACr 
REPORT EPPOP 
CONTINUF TEST 



DT2781 TST-11 
TEST 2: CHECK 

1 
2 
2 
4 
5 
6 
7 

e eeie24 
9 eeiese 

10 001032 

11 001036 

12 001040 

13 001042 

14 001046 

15 001050 

16 001052 

17 001056 

18 001060 
19 

20 
21 



24 

25 

26 

27 001062 

28 

29 001066 

30 001072 

31 001074 

32 001076 

33 001102 

34 001104 

35 001106 

36 001112 

37 001114 
_<8 001116 

39 001122 

40 001124 
41 

42 
43 
44 
45 
46 
47 
48 
49 001126 
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• SBTTL TEST 2: CHECK FlDCSR PIT=; 

i 

' l^li I!F CHECKS MOST OF THE BITS IN flDr^p 

■ ?iE B?? T^fif T^ ^KiS'' ^^^" ^^^ ""'''' RESETCRPfiBILITV 

TT tI JJl^^Ir^^ "°^ CHECKED IS THE fl/D DONE BIT 
; IT IS CHECKED IN OTHER TESTS 



013701 TEST2 : MOV 

000542 

005002 CLR 

012703 MOV 

000040 

SCOPE 

010211 1* : MOV 

013704 MOV 
000546 

077401 2t : SOB 

011100 MOV 

042700 B I C 
177600 

074200 XOR 

001402 - BEQ 



«?#B(=ISE. Rl 

R2 
#40. R3 



R2. CR1> 
CttDELRV.. R4 

R4.. 2$ 
<:R1>.. R0 
#177600. RO 

R2.. R0 
3* 



GET ADDRESS 

INIT TEST REG 
SET # OF STRTE? 

DECLARE I. nop priTNT 
SET BIT'=; 
SET COIIWTEP 

DFLRV FOP SETTFl TNi" 

QET BITS 

IGNORE HIGH RVTF 

TEST PITS 

NO ERROR - Sfap 



.: ERROR CODE 2 - BIT ERROR.. RDCSR 
•' BITS 0-6 

i **+* + **'t:+ + + + =+: + + + + + + =+: + :+:+* + *:+:+ + + :+: + :+: + + + 4. + + ;+,+. + .+. + :+^. + ,+ :+^ 



062702 3* 

000004 

077316 

005002 

012703 

000016 

010211 4* : 
013704 
000546 
077401 5* : 

011100 

042700 
170377 
074200 
001402 



ERROR 


2,. REG 


RDC:. 


#4. R2 


SOB 


R3.. 1* 


CLR 


R2 


MOV 


#16.. R3 


SCOPE 




MOV 


R2.. CRiy 


MOV 


C-#DELRV.. R4 


SOB 


R4.. 5* 


MOV 


<R1>.. R0 


BIC 


#170377.. R0 


XOR 


R2.. R0 


BEQ 


et 



REPORT FPPnp 

NEXT STPTF 

LOOP UNTIL r:.nNP 
INIT TEST PFG 
SET « OF STRTF'^r 

DEClflPF L nOF pnifj- 
SET BITS 
SET COIJNTFR 

DELRV 
GET BITS 
IGNORE LOW RVTE 

TEST BITS 

NO ERROP - SKIP 



ERROP CODE 3 - BIT ERROR.. ADCSR 

BITS 8-11 

ERROR 2, REG , REPORT ERROP 



r2781 TST-11 
liST 2: CHECK 

1 
2 

3 eeil3:2 

4 801136 

5 001140 

6 001142 

7 001146 

8 001150 

9 001152 

10 001156 

11 001160 

12 001162 

12 001166 

14 001170 

15 

16 

17 

1& 

19 

20 

21 

22 

23 001172 

24 

25 001176 

26 001202 

27 001204 
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062702 

000400 
r r ^j.o 

005002 
012703 
000004 

010211 

012704 
000546 
077401 

011100 

042700 
037777 
074200 
001402 



6«: 



7t 



8t 



PDD 


#400. R2 


SOB 


R2. 4f 


CLR 


R2 


MOV 


#4. R3 


SCOPE 




MOV 


R2. <Ri:> 


MOV 


0*»C)ELFlV. R4 


SOB 


R4. 8* 


MOV 


<Ri:>. R0 


BIC 


#37777, R0 


XOP 


R2.. R0 


BED 


9* 



; NEXT STftTF 

: LOOP UNTIL C'DNF 

; SET NUMBER OF STflTF; 



SET BITS 
SET COUNTER 

WAIT TO FINI?H 

GET BITS 

IGNuPF SOHF FjT'^ 



062702 

040000 

077316 



TE?T F;TT'-. 

Nfi FF.'PriR --.f 7F 



ERROR CODE 4 - BIT ERROR FiDCSR 
BITS 14 flNr:- 15 

ERROR 4.. REG . PFRORT FRRfiF 

S"* : FiDD #40000. R2 .; NF>:T ?Ti=tTF 

SOB R3. 7t ; L rmp TTLI r-nfJF 

EXIT 



DT2781 TST-11 MODULE 
TEST 2: BINITL ACTION 



3 
4 
5 
6 
7 801206 
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• SBTTL TEST 3: BINITL ACTION 

THIS TEST VERIFIES THAT THE BINITL SIGNAL n FflP 
THE PROPER ADCSR BITS. 



8 001212 

9 001216 

10 001222 

11 001224 

12 001226 
12 001220 

14 001232 

15 001236 

16 001240 

17 001242 

18 001244 

19 001250 

20 001252 
21 



24 



012701 
000542 
012711 

040101 

012700 
000546 
077001 
105211 

005002 

013700 
000546 
077001 

000005 
011100 

042700 
037476 
074200 
001402 



TEST3 : MOV 

MOV 

MOV 

1* : SOB 
INCB 
CLR 
SCOPE 
MOV 

2* : SOB 

RESET 

MOV 

BIC 

XOR 
BEQ 



«?#BASE.. Rl 
#40101. CRl> 
(a#DELAV. R0 
R0. 1* 

<:ri> 

R2 

0«DELAV. P0 

R0,. 2t 

CRi::-.. R0 
#37476. R0 

R2.. R0 
3f 



GET ADDRE?? 

SET BITS 

WAIT FOR A/D DONE 



SET ERROR BIT 
CLP TEST REG 
DECLARE LOOP POT NT 
WAIT FOP A.-T:. nriNF 



ISSUE BTNITl. 

GET BITS 

IGNORE SOME PITS 

TEST BITS 

OK - SKIP FPPnP 



26 
27 



29 001254 

30 

31 001260 



ERROR CODE 5 - PROPER BIT';:S> NOT CLFAPFD 

BV BINITL 

*** + :+;!+::+:!+:;+;;+: >f: :+::+; + :+: ^: ,+: ^: ^: :+; ^; :+: ^, ^. ^, .+. .^. .^. ^. ^, ^^ ^, ^.^„^^ .^^ .^^ ^^ ^^ 

ERROR 5.. REG .; REPORT ERROR 

'^- ^>'IT ; ALL DONE 



T2781 TST-11 MODULE MftCRO V03. 0B 
TEST 4: BVTE OPERATION OF flDCSR 



1 
2 
2 
4 
5 
6 
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. SBTTL TEST 4: BVTE OPERRTION OP RDrSK 



THIS TEST VERIFIES HIGH RND LOW BVTE OPERftT I nrjc 
; INVOLVING THE ftDCSR 



7 001262 012701 TEST4: MOV 

000542 

8 001266 005011 CLR 

9 001270 005002 CLR 

10 001272 SCOPE 

11 001274 112711 MOVB 

177777 

12 001200 012705 MOV 

00054e 
12 001204 077501 If: SOB 

14 001306 011100 MOV 

15 001210 042700 BIC 

100377 

16 001214 074200 XOR 

17 001316 001402 BEQ 
18 
19 
20 
21 



(»#BFlSE. Rl 

<:ri> 

R2 

«-l. <Ri::' 

(a#DELf=lV. R5 

R5. 1* 
<P1>.. RO 
#100377. RO 

R2.. RO 
2* 



GET RDDRF?? 

CLEAR ADCSR 
INIT. TEST p-Fi-iT^-.TFF 
DECLARE LOOP FTiTWT 
SET R/IJ BITc 

WAIT TO ■=;fttlf 



GPT ADC'-.P p:; i.j,"- 
IRNOPF i Ol.J BVTF 

TF9.J RTT? 

OK - F.kIF FPRnP 



ERROR CODE 6 - HIGH BVTF LORDFr:' DUPING 

A LOW BVTF OPEPi=<T T ON 



25 

26 001320 

27 .; 

28 001324 005011 2* 

29 001326 005002 
20 001330 005201 
31 001332 

22 001334 013705 
000546 

33 001340 077501 3* 

34 001342 112711 

177777 

25 001246 016100 

177777 

26 001252 042700 

177600 

27 001256 074200 

28 001360 001402 
39 ; 
40 
41 
42 
42 
44 
45 
46 

47 001262 
48 
49 801266 



>i'-'¥-*-*-***--*-^:+.!*:*.:t:>^:.^^^^^^^ 



ERROR 



6.. PEG 



PFPOPT EPPOP 

Cl.FAP pr-rsp 
INIT TF'-.T FFC-T'-TFF 
POINT TO Hini-i PVTF 
DECLAPF I OOP pn I NT- 
WAIT TO SPTTi F 



; F.FT P/t.J BJTc, 

i GFT ADi'SF R'" UOPT;' 

: IQNOPF HlfiH RVTF 

: TF?T PIT? 

:. OK - SKIP FPPriF 

ERROR CODE 7 - LOW BVTE LORDED DURING 

A HIGH BVTE OPERATION 



CLR 


■'Rl > 


CI.P 


R2 


INC 


Ri 


SCOPE 




MOV 


(a#DEl AV. R5 


SOB 


R5.. 3* 


MOVB 


#-1.. <.R1> 


MOV 


-1<R1>. RO 


BIC 


#177600.. RO 


XOR 


R2.. RO 


BEQ 


4* 



4S 



ERROR 7, REG ; REPORT ERROR 

EXIT 



DT2781 
TEST 5: 



TST-11 MODULE MACRO V82. 0B 
fl/D DONE BIT AND INTERRUPT 



28-DEC-79 08:43:24 PRGE 3 3 



1 
2 
3 
4 
5 
6 
7 
8 



10 

11 
12 
13 
14 

15 

16' 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



30 

31 
"<"? 

33 
34 
35 
36 
37 
38 
39 
40 
41 



001270 
001374 

001400 

001404 
001406 
0V31410 
001412 

001416 
001420 
001422 



013701 
000542 
013702 
000544 
005761 

000002 
005011 

105211 
013700 
000546 
077001 
105711 
100402 



. SBTTL TEST 5: Fl/D DONE BIT AND INTFPPUFT 

; THIS TEST VERIFIES THAT THE A/D DOME BIT CRN 
; BE SET PROPEPLV AND THAT THE INT ENB BIT 
FUNCTIONS PROPERLY. 



TEST5 ; MOV e#BASE. Rl : GET ADDRFl-.'" 

: GET VECTOR ADDRESS 
i CLEAR A..-D DONF BIT 



CLEAR ADCSR 
DECLARE ! Ofip pfilNT 
SET A/D DONE BTT 
WAIT FOR A,'D T'ONP 



If 



MOV 


e#BASE. Rl 


MOV 


e'#VECTOR. R2 


TST 


2<R1> 


CLR 


CRi::- 


SCOPE 




INCB 


CRi::' 


MOV 


<B#DELAV,. R0 


SOB 


R0.. 1* 


TSTB 


<R1> 


BMI 


2* 



IS BIT SFT" 

VFS - SKIP FRPDP 



001424 

001426 000457 

001430 

001432 005761 

000002 

001436 105711 

001440 100002 



>f: *: * * +. * * * * * + ■+. + * :+: :+: :+! * J*: :+: * * * + + :+: * jf: * + * >f: :+: + ^+: :+. :+: + + >t. + :+ :+. + + ■■*■ * * :+ :+: 

ERROR CODE 10 - A/D DONE BIT WOT SET 

*ff:>K ^f: + * + J^:>f::+: + ^•: + :+: + *+ + Jf::+:>^t:+::+:;+: + :+:;+: + >f::+: + ^+;;+; :+:;+: +:+;:+: + + + + :+^ 

; RFPnPT EPPOP 
; CAN'T CONTTNllF 

2*: SCOPE . DFCLAPF I OnP POINT 

.. READ ADDBP 

; DONF BIT CLFfiP"' 
; VE? - S^:■TP FRPHP 

ERROR CODE 11 - A/D DONE BIT NOT CL FAFF- 

AFTER A/D DATA WAS PFHf:' 



ERROR 


10 


BR 


8t 


SCOPE 




TST 


2<R1 


TSTB 


<R1> 


BPL 


3* 



001442 

001444 000450 



ERROR 11 
BR 8f- 



RFPOPT FPFnp 
CAN'T CONTINIIF 



T2781 TST-11 MODULE MRCRO V03 0B 
EST 5: fl/D DONE BIT AND INTERRUPT 



28-DEC-79 08:42:24 PRGE 14 



1 001446 005003 3* 

2 001450 012704 

000340 

2 001454 

4 001462 010012 

5 001464 010462 

000002 

6 001470 

7 001472 105211 

8 801474 013700 

000546 

9 801500 077001 4f 

10 001502 052711 

000100 

11 001506 106403 

12 OOlSie 000240 

13 001512 106404 

14 .; 
15 
16 
17 
IS 
19 
20 

21 001514 

22 001516 000423 
23 

24 001520 062706 

000004 

25 001524 

26 001526 005761 

000002 

27 001532 105711 

28 001534 100002 
29 



CLR 
MOV 



R3 
#PF:7. R4 



RELMOX' #5t . R0 
MOV R0.. (:R2> 



31 
32 
33 
34 
35 
36 

37 001536 

38 001540 000412 



PREPPPE ?.TFiTI.I?; uopf:. 



GET ISP ADDPF?? 

STORE 

STORE STftTU'=; TOn 

DECLARE LDOP POINT 
SET fl/D DONF 
WRIT FOR r-riNF 



ENftBLE INTEPPIIFT'-. 

ENRBLE CPU INTFPPIIPTc 
STRLL Tir-IF 
TURN OFF nPli 



ERROR CODE i? - NO INTERRUPT ON R. T:' r-ONF 



MOV 


R4, 2<R2> 


SCOPE 




INCB 


CR1> 


MOV 


(»#DELflV.. RO 


SOB 


R0. 4t 


BIS 


#100. (:ri> 


MTPS 


R3 


NOP 




MTPS 


R4 



ERROR 

BR 

ADD 

SCOPE 
TST 

TSTB 
BPL 



12 
8* 

#4 . SP 



2'::P1> 
<Pi::' 



REPORT EPPriR 
CRN'T CONTTMIF 

RD.TMST STRCf 

DFCLRPF LHOF POINT 
RERD RDr-RF 

R/D DONE CLFRF" 
VES - EXIT 



■• ERROR CODE 13 - R/D DONE BIT NOT CIFRPFP' 

•' RFTER R/D DRTR Wftq PFRr- 

; W- * * * >♦; * + + * * * * *: >♦: + * * + + :♦::+.*:+: * >♦•■ * * * + * * * * :*: :+; + * + + + + >f +:+:+. :+ :+. :+ ;+ ;t 



ERROR 
BR 



13 

8* 



PEPnPT EPFnP 

CRN'T CriNTTNHF 



DT2781 
TEST 5: 

1 
2 

3 

4 
5 
6 
7 
8 
9 

le 

11 

12 
12 
14 
15 
16 
17 
18 
19 

20 
21 



TST-11 MODULE MACRO V03. 0B 
fl/D DONE BIT fiND INTERRUPT 



001542 €* : 

001544 005761 
000002 

001550 005011 

001552 005211 

001554 105711 7* : 

001556 100376 

001560 005711 

001562 100001 



28-DEC-79 08:42:24 PRGE 15 



SCOPE 




TST 


2<R1 


CLR 


<R1> 


INC 


<R1> 


TSTB 


<R1> 


BPL 


7* 


TST 


<R1> 


BPL 


8$ 



DECLARE LOriP POT NT 
CLEAR DONE 

CLEAR ADCSP 
START COMVEPSION 
WAIT FOR DDNF 

ERROR BIT SET- 
NO - EXIT 



001564 



^^l^.)^itt()^:>^:)^c)^.l^1^.l^i>tc)^'.>^i)^i>^f4:)^:l^■.}^.}^:i^t)^:l^:)^.>^:)^i)^^.)^tl^r■'^■>^^>¥■>^i***^^ 

ERROR CODE 14 - ERROR BIT SET AFTER NORMAL 

A/D TRIGGERING SEQUENCF 

ERROR 14 i RFPOPT EPPOP 

TST 2'::R1::' .: CLEPP Di'iNF 



001566 005761 8* : 

000002 

001572 005011 CLR ''Pi::- 

001574 EXIT 



(r2781 TST-11 MODULE 
cST 6: ERROR BIT RND 



MRCRo VQ2. ee 

INTERRUPT 



28-DEC-79 08:42:24 PPIQE 16 



1 

2 
3 
4 

6 
7 

8 001576 

9 001602 

10 001606 

11 001612 

12 001616 
12 001620 

14 001622 

15 001624 
16 

17 

IS 

19 

20 

21 

22 

22 001626 

24 001620 

25 

26 001622 

27 001624 

28 001626 

29 001640 

20 001642 

21 001644 

22 001646 
22 

24 
25 
26 
27 
28 
29 

40 001650 

41 001652 



. SBTTL TEST 6: ERROR BIT 0ND INTFRPIIPT 

THIS TEST VERIFIES THAT THE ERROR PIT CRN PF ?Ft 
PROPERLV AND THAT THE ERR INT ENB BIT FUNCTJDW? 



013701 
000542 
013702 
000544 
062702 

000004 

005761 

000002 
005011 

005711 

100002 



TEST6 : MOV 

MOV 

ADD 

TST 

SCOPE 
CLP 
TST 
BPL 



0#BASE. Rl 
0# VECTOR, R2 

#4. R2 
2':;P1> 



<:Ra 

(Rl 

It 



GET ADDRESS 

GET VECTOR ADDPES? 

AD.TtJST VECTOP 

CLFAP A.-T:' nriNF BTT 

DFr:l_PPF LOriF PhTWT 
CLEAP Ar-rsP 
FPPOF CI. FPP " 
VES - ?kIF EFFjiE 



000441 



105211 
105711 
100276 
105211 
005711 
100402 



ERPOP CODE 15 - EPPOP BIT NOT CI FAF 

PFPnpT EFFfiF 
CAN'T CONTTfJIIF 

1* SCOPE : n.pri pipp i.riOP P,-.IWT 

SFT A.'D nnrjc p;tt 

2f : TSTB CPi::. ; TF:=;T FOP DONF 

WAIT FOP DHfJP 
SET EPPOF BIT 
IS BIT SET-- 
VF'-. - Skip FPPi'P 

EPPOP CODE 16 - ERPOP BIT NOT SET 



ERPOP 


15 


BR 


5t 


SCOPE 




INCB 


CF:l:> 


TSTB 


(:pi:> 


BPL 


2t 


INCB 


"CRl^' 


TST 


<R1> 


BMI 


2f 



000420 



ERPOP 
EP 



16 

5t 



PFPOPT FPpriF 

CAN T rnwT T tji iP 



DT2781 TST-11 MODULE 
TEST 6: ERROR BIT AND 



1 


901654 


005003 3 


2 


001656 


012704 
000340 


2 


001662 




4 


001670 


010012 


5 


001672 


010462 

000002 


6 


001676 




7 


001700 


052711 

040000 


8 


001704 


106403 


9 


001706 


000240 


10 


001710 


106404 


11 




.< 


12 






±2 
1 a. 




} 


it 
15 






16 




J 


17 




i 


18 


001712 




19 


001714 


000407 


20 




.: 


21 


001716 


062706 4 

000004 


22 


001722 




23 


001724 


005011 


24 


001726 


005711 


25 


001720 


100001 


26 






2? 




.' 


28 




.< 


29 




) 


20 




i 


:<i 




.1 


22 




j 


32 


001722 




24 




.« 


25 


00172^1 


005761 = 

000002 


26 


001740 


005011 


27 


001742 





MACRO V03 0B 
INTERRUPT 

CLR 
MOV 



28-DEC-79 08:43:24 PRGE 17 

; PREPFiPE STPTII? WOPr. 



R3 
#PR7. R4 



RELMOV #4*. R0 



MOV 
MOV 

SCOPE 
BIS 



R0. <P2> 
R4.. 2<R2> 



i GET ISP RDDPFS? 

; STORE 

; STORE STATU? Tnn 

; DECLRRE LOOP POT NT 

.: ENRBLE INTERRUPTS 



MTPS 

NOP 

MTPS 



; ENRBLE CPU INTERRUPT'- 
i STRLL TIMF 
; TURN OFF CPU 



#40000. <r.Rl> 

R3 

R4 

ERROR CODE 17 - NO INTERRUPT ON ERPnP 
_; i^i>^:>^:!^(>^.i^::^:>^<l^.>^'.^:!^<!^:■^i)^.i^c■^^:>^■.■^:)^:^.>^i,^r^.■4:i^■.>^'.^^ 

ERROR 17 :■ RFPOPT EPPriR 

BR 5t- .: CflN-T CONTTNIIF 

4* : RDD #4,. SP ■ RDJUST STBCK 



SCOPE 




CLR 


<Ri::' 


TST 


•'Ri:;- 


BPL 


5t 



; DFCLfiPE LOOP POINT 

.; CLFflP FRPOP BIT 

:. CHECK BIT 

: CLFRP - SKIP FPPOP 



***!+: 4: + *>f:* + * + :+:+**+-****>f-**+** + + + + + + + + + + + + *+■ + ■++ + 

ERROR CODE 20 - ERROR BIT NOT CLFRP 

ERROR 20 ■ REPORT ERROR 

I*: TST 2<'R1> .• CLFRP nfiNF 

CLR <R1> ■■ CLFRP RDCSR 

EXIT 



T2781 TST-11 MODULE 
iST 7: END OF LOGIC 



MftCRO V02. 0B 
TESTS 



28-DEC-79 08:43:24 PRGE 18 



1 




2 




2 




4 




5 




6 




7 




8 




9 




le 




11 801744 




12 




12 




14 




15 




16 




17 




18 




19 




20 001746 




21 001762 




22 001764 


102422 


2I< 001766 




24 002020 


000746 


25 




26 002022 


012701 




000542 


27 002026 


012702 




000514 


28 002042 


000202 


29 002044 




20 002062 




21 002064 


102420 


32 002066 




22 002124 


000747 


24 




25 002126 


042702 




000277 


26 002122 


012700 




000514 


27 002126 


042700 




177400 


38 002142 


060002 


29 002144 


005761 




000002 


40 802150 


005011 


41 602152 


000207 



. SBTTL TEST 7: END OF LOGIC TESTS 

i 

i THIS TEST IS PRESENT TO INFORM THE TST- j 1 MriNTiriF 

; THAT THERE RRE NO MORE RDDITIONftL LOGIC TFSTS 

; TO BE EXECUTED WHEN THE "RLL" GOMMRND IS USEr>. 

i THIS TEST WILL FORCE fi RETURN TO THE COMMRNd" 

; LEVEL OF TST-11 WHEN THE TEST SEQUENCER RFPCHF- 

i THIS TEST. 



TEST7 : ESCRPE 



. SBTTL CRLIERRTION INTTJRLTZRTTON 

THIS ROUTINE PERFORMS INITIRL TZRTIOW FIINCTimj: 
FOR SOME OF THE CfiLIBRftllON TESTS 



QETCH 



If 



2*: 



PRINT 


<CHRNNEL'' > 


GETOCT 




BCS 


1* 


PR INTO 


'•CENTER RN OC 


BP 


GETCH 


MOV 


i?#EflSE. Rl 


MOV 


C-#ODTRCC.. R2 


SWRB 


R2 


PRINT 


<MODE BITS? 


GETOCT 




BCS 


2* 


PR INTO 


<ENTER RN OC 


BR 


2f 


BIC 


#377. R2 


MOV 


l?#ODTRCC.. R0 


BIC 


#177400. R0 


RDD 


RO. P2 


TST 


2'::R1> 


CLP 


CRi::- 


RETURN 





i OUTPUT PROMPT 

i GFT VRLUE 

: CP RT Ewr' - r;rirjT 
TRL CHRNNFL RDDPFS". > 

. TPV RGi=iTN 

.: GET RDDPFF? 

.i GFT VRLUF 

.; RD.TIJST 

> i OUTPUT PPOMPT 

. GET VRLIIP 

: CP RT Ewr.. - cnr-ji 
TRL PVTE VRLUE > 

; CL.FRP LOl-J BVTF P;? 

.; GFT VRLIIF 

.; CLERP HirsH pVTF.Pn 

; RDD IN MODE BVTF 

. CLERR DONE 

i CLERP BORPD 



DT2781 TST-11 MODULE 
OISPLflV fl/D DRTfl 



MRCRO V03. 0B 



28-DEC-79 08:43.24 PRQE 19 



1 
2 
3 
4 
5 

6 002154 

7 002160 

8 002162 

9 002164 

10 002166 

11 002172 

12 002174 

13 002200 

14 002204 

15 002210 

16 002212 



17 002220 

18 

19 

20 

21 

23 
24 
25 

26 002222 

27 002244 

28 002250 

29 002252 

30 002256 

31 002262 

32 002264 

33 002270 

34 002274 

35 002276 

36 0S2300 

37 002302 

38 002304 

39 002310 

40 002312 

41 002314 

42 0023ic 



. SBTTL DISPLflV fl/D DflTR 

THIS ROUTINE TAKES THE DflTR FROM RDDBP RND OISPlR'i 
IT FOR THE USER RS fl 16 BIT OCTAL VALUE 



016100 
000002 

005711 

100015 

112700 

000105 

042711 

040000 

005237 
000522 
005737 
000522 

001003 

012737 
177777 
000522 
000207 



004767 
177476 

042702 
140703 
032702 

000060 
001002 

052702 

000001 

112704 

000010 

010211 

100376 
004767 
177644 
105304 
001766 



MOV 


2<R1>>R0 


i GET DRTR 


0CT16 




; PRINT 


TST 


CRl;- 


.; ERROR BIT SET"' 


BPL 


1* 


.i NO - RETURN 


MOVB 


«^E. R0 


; PRINT 'E' 


TTVOUT 






BIC 


#40000.. <R1> 


.; CLEAR EPROP BIT 


INC 


e#ERRCNT 


i INC COUNT 


TST 


ettERRCNT 


i OVFPFLOW? 


BNE 


1* 


: NO - SKIP 


MOV 


#-1.. C-#EPRCNT 


: VES - FORCE VRLI..IE 


RETURN 







It 



SBTTL TEST 10: R/D CRLIBPRTION 

.; THIS TEST RCCEPTS R CHRNNEL ADDRESS FROM THF USFP 

> RND DISPLRVS THE DflTR FROM THRT CHRNNEL C0NT7NI lOUS'.V 



TESTIO: PR INTO <R/D CRLIBPRTION". 
CALL GETCH .• 



1* 



3* 



KBEKIT 
BIC 

BIT 

BNE 
BIS 

MOVB 

CRLF 
MOV 

BPL 
CALL 

DECB 
BEQ 
TAB 
BR 



#140703.. R2 

#60.. R2 

It- 
#1.. R2 

#10. P4 

R2.. <Ri::' 
vr.x ... 
3* 

DISPLV 

R4 
1* 

2* 



GET CHANNEL RDDP.'ES? 

SET UP KEVBGRRT:' 
CLERP SOME BIT? 

EXTERNAL '^■• 

VES - NO STBPT BIT 
SET STRPT BIT 

LINE COUNTER 



STRPT COr-JVFPS I ON 
i.iQ T T ci-iCi r-.riMC 

*Mr I .1 I I .-.!■■ .-.-■_•. ..■. 



DISPLflV DATA 

LINE OVER-' 
VES - NEW I. INF 

NEXT CONVERSION 



r2781 TST-11 MODULE MACRO V02 08 
cST 11: fl/D INPUT CHRNNEL SCRN 



l* 



1 
2 
3 
4 
5 
6 

7 002320 

8 002352 

9 002354 013701 

000542 

10 002360 005761 

000002 

11 002364 005011 

12 002366 005002 

13 08237S 

14 002372 112703 

000010 

15 002376 

16 002404 010200 

17 002406 

18 002410 010200 

19 002412 000300 

20 002414 010011 

21 002416 013700 

000546 

22 002422 077001 

23 002424 105211 

24 002426 105711 4t 

25 002430 100376 

26 002432 

27 002434 004767 

177514 

28 002440 105303 

29 002442 001370 

30 002444 005202 

31 002446 123702 

000541 

32 002452 001346 

33 002454 005002 

34 002456 

35 002460 000743 



28-DEC-79 08:43:24 PfiGE 20 
SBTTL TEST 11: fi/D INPUT CHRNNEL Sr:f=iN 



THIS TEST SCRNS THE INPUT CHANNELS WHILE 
DISPLRVING THE fl/D DfiTfl nw tuct tccmt^.c, 

TESTll: PRINTC <R/D INPUT CHANNEL SCflN> 



3* 



KBEXIT 
MOV 

TST 



CLP 
CLP 
CRLF 
MOVE: 

PRINT 

MOv 

0CT8 

MOV 

SWAB 

MOV 

MOV 

SOB 

I NCR 

TSTB 

BPL 

TAB 

CALL 

DECB 
BNE 
INC 
CMPB 

BNE 
CLR 
CRLF 
BR 



(»#BASE. Rl 
2CR1> 

<R1> 
R2 

#10. R3 

<CH=> 
R2.. R0 

R2. PGi 

R0 

R0. '::P1> 

*«DELRV,. Rt?i 

R0 . 7't 

<Ri::i 
4* 

DISPLV 

R3 
3t 
R2 
•?#SWR+1. R2 

It 

R2 

1* 



SET UP KEVBOAPr- 
GET ADORE ?S 

CLEAR DONE 

CLEAR CSR 

TNTT rUClKJKJC-l .-r.iiii-r 

- ■ ' - ■ "-'t I. I. *■ ».. L_ » ,. I n.ir^ I 

LINE CDUNTFP' 
DT«;Pl AV ADDPF-/:; 



HFT CHANNEL Ar:.r.PF?L-. 
PUT IN HTGH F;VTF 
SET \.\P CHANNFi 
WAIT Tin c;pTTI. F 



TP I GGFF rnt-ivppjfr,- 
WAIT FOR DONE 



DISPLAY r-ATR 

LINE DONE* 
NO - CONTTNi.iF 
INC CHAfJNFI 
END OF RANGE - 

NO - CONTINUE 
VEF. 



DT2781 
TEST 12: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 



TST-11 MODULE MfiCRO V03. eB 
fi/D INPUT QRIN/CHRNNEL SCAN 
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002462 
002520 
002522 



11 002526 



12 
12 
14 
15 
16 

17 
18 
19 
20 

21 
22 



002522 
002524 
002526 
002540 
002542 

002546 
002554 
002556 
002560 

002564 
002566 



22 00257 



24 

25 
26 
27 



002576 

002600 

002602 
002604 



012701 
000542 
005761 
000002 

005011 
005002 
005002 

112704 

000007 

010200 

112700 
000054 

112700 

000060 

022702 

000010 
001401 
105200 

112700 

000060 



28 002610 0: 



29 
20 
21 



002614 
002616 
002620 



000004 
001401 

105200 



. SBTTL TEST 12: fl/D INPUT GfllN-THRNNEL ^r.AN 

THIS TEST SCANS THE INPUT CHANNELS WHILE 
CHANGING THE GAIN OF THE CONVERTER. THE 
A/D DATA IS DISPLAVED ON THE TERMINAL 



TEST12 : 



It 



It 



2t 



PRINTC 


<A/D INPU 


KBEXIT 




MOV 


1?#BASE. Rl 


TST 


2<R1> 


CLR 


CRl^ 


CLP 


R2 


CLR 


R2 


CRLF 




MOVE 


#7.. R4 


PRINT 


<CH=> 


MOV 


R2.. R0 


0CT8 




MOVE: 


#•'. .. R0 


TTVOUT 




MOVE 


t-0.. R0 


BIT 


#10.. R2 


BEQ 


2t 


INCB 


R0 


TTVOUT 




MOVB 


# -0. R0 


BIT 


#4, R2 


BEQ 


IS 


INCB 


R0 


TTVOUT 





SET UP KEVEOBRD 
GET ADDRESS 

CLEAR DONE 

CLEAR CSR 

INIT CHflWNEI., Cni.lWT 

INIT GflIN 

LINE COUNTER 

DISPI. PV ADDRESS 

DISPIRV QFiIN 



GSl SET--- 
NO - Sk-JP 
DISPLAV BIT 

GS0 SET"' 
NO - SKIP 
DISPLAY BIT 
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1 002622 

2 002624 
2 002626 

4 002630 

5 002632 

6 002634 

7 002636 
e 002640 
9 802642 

10 002646 

11 002650 

12 002652 

13 002654 

14 002660 

15 002664 

16 002670 

17 002672 
IS 002674 
19 002676 
20 



010200 
000300 
050300 
010011 

105211 4* : 
105711 5* : 
100376 

004767 
177306 
105304 
001370 
005202 
062703 

000004 

042702 
177763 
123702 
000541 
001322 

005002 
000720 



MOV 


R2>R0 


5URB 


R0 


BIS 


R3. R0 


MOV 


R0> <R1> 


INCB 


<R1> 


TSTB 


<R1> 


BPL 


5* 


TRB 




CRLL 


DISPLV 


DECB 


R4 


BNE 


4* 


INC 


R2 


ADD 


#4.. R2 


BIC 


#177762 . R2 


CMPE; 


(?#SWR+i.. R2 


BNE 


1* 


CLR 


R2 


CRLF 




BR 


1* 



GET CHANNEL RDDRE'i 
PUT IN HIGH BYTE 
SET GRIN BIT? 
SET UP CHRWWEL 
TR I QGEP CONVEPTFR 
WRIT POP DONE 



; DISPLRV DRTR 

; LINE DONE"' 
NO - CONTINUE 
INC CHRNNEI 
INCREMENT GRTW 

CLFRP E>;TRh ETTr 

END OE RRWGF" 

NO - CONTINUE 
VES 



DT2781 
TEST 12 

1 
2 
3 
4 
5 
6 
7 

e 

9 

le 

11 

12 

12 
14 

15 

16 

17 

18 
19 

20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
28 
31 
32 
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SBTTL DftC INITIflLIZRTION 

THIS ROUTINE PROVIDES INITIflLIZRTION FUNCTION-. 
FOR SOME OF THE TESTS THAT EXERCISE THE DflC? 



802708 

002704 
802706 

002712 
002720 
002722 
002724 

002730 

002734 

002740 

002744 
002746 

002752 



012703 
004000 
074505 
012704 
003777 

001005 

010305 
042703 

004000 

052704 

004000 

013701 
000542 
062701 

000004 
010102 

062702 

000002 

000207 



DflC 



1*: 



002754 
002756 

002762 
002764 
002766 



012700 

000020 

077001 

000207 



TIME 



±$. 



MOV 


#4000, R3 


XOR 


R5, R5 


MOV 


#3777, R4 


TEST 


BIT7, SWR 


BNE 


1* 


MOV 


R3. R5 


BIC 


#4000, R3 


BIS 


#4000. R4 


MOV 


e#BASE, Rl 


ADD 


#4, Rl 


MOV 


Rl, R2 


ADD 


#2, R2 


RETURN 





; SET FOR TWO'S CDMP 



i OFFSET BINflPV 

; NO - SKIP 

i MODIFY ZERO 

■• MODIFV 



GET BASE flDDPFS:=; 
FORM DAi": ft ADDRE'; 

FORM DAC B AC:'DRE'= 



THIS ROUTINE ALLOWS TIME FOR DftCS ft AND B 
TO SETTLE 



SAVE R0 FOP LATER 
SET DELAV 



PUSH 


R0 


MOV 


#20, Re 


SOB 


R0, 1* 


POP 


R0 


RETURN 





WAIT 
RESTORE RP 
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1 




2 




3 




4 




5 




6 




7 




e 




9 602770 


004767 




177704 


18 802774 




11 803042 




12 003044 


013701 




000542 


13 003050 


005761 




000002 


14 003054 


005011 


15 003056 


105211 


16 003060 


105711 


17 003062 


100376 


18 003064 


016100 




000002 


19 003070 


105211 


20 003072 


042700 




170000 


21 003076 


010061 




000004 


22 003102 


004767 




177646 


23 003106 


000764 



. SBTTL TEST 13: Fl/D IN TO D/f=l OUT 

i 

i THIS TEST ALLOWS fi USER TO CONNECT Fl SIGNAL SOURCF 
i TO INPUT CHRNNEL RND SEE WHfiT SHOULD BE THF 
; SRME SIGNAL flPPERRING ON THE fl DflC OUTPUT 



TEST13: CALL 



DRC 



1* 



PRINTC <CONNECT SIGNAL SOURCE TO CHRNNEL G' 

i SET UP KEVBORFT' 
1 GET fl[:-DRE?S 



CLFRP DONF 

STftPT I OOP 

WRTT POP r-ONF 

GFT DRTft 

STRPT NFKT CON'M-FFbTOrJ 
PPEPRPF R Dfir [-hTh 

LORD DRC DRTR 

WRIT FOR DRC TO SETT) F 



KBEXIT 




MOV 


(a#BflSE, Rl 


TST 


2CR1> 


CLP 


(Riy 


INCB 


<R1> 


TSTE 


^Ri::- 


BPL 


If 


MOV 


2<pi:j.r0 


INCB 


<Ri::' 


BIC 


#170000. R0 


MOV 


R0.. 4':: PI ::- 


CRLL 


TIME 


BP 


1* 
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1 

2 






. SBTTL 


TEST 14; 


0/ft 


RAMPS 


3 




; THIS 


TEST GENERATES RI 


SING 


AND FALLING 


4 

5 




; RRMPS 


ON THE 


DRC OUTPUTS 




6 

7 003110 


004767 
177564 


TEST14 : 


CALL 


DAC 




; INIT. DACS 


8 603114 






PRINTC 


<D/A RAMPS> 




9 803130 






KBEXIT 






: SET UP KEVBOftPD 


10 803132 


012705 

010000 


1*: 


MOV 


#010000, 


R5 


; SET COUNTER 


11 003136 


010211 


2*: 


MOV 


R2, <:ri> 




; OUTPUT DAC A 


12 002140 


010412 




MOV 


R4, <R2> 




.: OUTPUT DAC B 


13 002142 


005205 




DEC 


R5 




.: DECREMENT COUNTER 


14 002144 


001402 




BEQ 


2* 




, START DOWN RfiMF 


15 002146 


005204 




DEC 


R4 




i DECREMENT RAMP B 


16 002150 


005202 




INC 


R2 




.: BUMP RAMP A 


17 002152 


000771 




BR 


2f 




i REPEAT 


18- 




} 










19 002154 


012705 

010000 


2*: 


MOV 


#010000.. 


R5 


; INITIALIZE COUNTEF 


20 002160 


010211 


4*: 


MOV 


R2.. <Ri:) 




, 


OUTPUT DAC A 


21 002162 


010412 




MOV 


R4.. <R2> 






OUTPUT DAC B 


22 002164 


005205 




DEC 


R5 






DECREMENT COUNTER 


22 002166 


001761 




BEQ 


1* 






START OVER AGAIN 


24 002170 


005202 




DEC 


R2 






DECREMENT RAMP A 


25 002172 


005204 




INC 


R4 






BUMP RAMP B 


26 002174 


000771 




BR 


4* 






REPEAT 


27 




.' 
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. SBTTL TEST 15: D/'ft CflLIBPftTION 

THIS TEST STEPS BETWEEN POCtttwc cm i cro c- 
NEQRTIVE FULL SCALE AND ZERO OUTPUTS^nN " the 
TWO DfiC CHANNELS TO ALLOW THE U«:ER TO 
CALIBRATE THE DACS 



11 903202 

12 003224 

13 003226 

14 003230 

15 002232 

16 002224 

17 002226 

18 002240 

19 002242 

20 002244 

21 002246 
22 

22 
24 
25 
26 
27 
28 
29 
20 
21 
22 

33 903250 

34 003254 

35 002300 

36 003302 

37 002204 

38 002206 

29 003312 

40 002214 

41 002216 

42 002220 

43 993324 



904767 
177476 

010312 

010311 

010412 

010411 

010512 

010511 

000766 



TEST15: CALL 



DAC 



It 



PRINTC <D/A CALIBPftTION> 



MOV 


R3, 


<R2> 


MOV 


R2, 


<R1> 


TTVIN 






MOV 


R4.. 


'rR2> 


MOV 


R4. 


<R1> 


TTVIN 






MOV 


R5.. 


<:r2::' 


MOV 


R5.. 


CR1> 


TTVIN 






BR 


It 





INIT 


DAC? 


-FS. 


E 


-FS.. 


A 


+FS. 


B 


+FS. 


A 


2FR0. 


B 


ZERO. 


A 


REPFFiT 



004767 
177424 



SBTTL TEST 16 : D/R SQUARE WAVE?: 

THIS TEST OUTPUTS HIGH SPEEF:. Fill! cirpi p 
SQUARE WAVES TO BOTH DACS 



TEST16: CALL DAC .; iwu DACS 

PRINTC <D/A SQUARE WAVES> 



010211 
010212 
004767 
177442 

000400 
010411 

010412 
904767 
177420 
000766 



It 



2t 



KBEXIT 
MOV 
MOV 
CALL 

BR 
MOV 
MOV 
CALL 

BR 



R2.. <R1> 
R2.. 'rR2> 
TIME 

2t 

R4. •:;r1> 
R4.. .rR2> 
TIME 

It 



SFT UP ^rFVBOftPT. 
OUTPUT TO Dl=)C'=: 

WAIT TO SFTTl.F 

FOR TIMING PURPOSED 

OUTPUT FULL SCflLF 

CHANGE 

WAIT TO SETTLF 

REPEAT 
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TEST 16: D/fl SQUARE MOVES 












1 
2 

3 








. SBTTL 


TEST 17: D/A 


OUT 


TO A/D IN 


4 




i 


THIS 


TEST OUTPUTS A RAMP ON THE 


A DAC WHILE 


5 




i 


DISPLAVING A/D INPUT DATA 


FROM 


CHANNEL 0. IF THF 


6 




i 


A DAC IS CONNECTED TO THE 


CHANNEL INPUT. IMF 


7 






USER 


CAN VERIFY THAT THE ANALOG 


SUBSYSTEMS RPF 


8 
9 

le 






FUNCTIONING < 


: ALTHOUGH NOT 


CALIBRATED) 
















11 003226 


004767 


TEST17 


CALL 


DAC 


i 


I NIT. DACS 




177246 














12 003332 








PRINTC 


<CONNECT THE 


A DAC TO CHANNEL 0> 


13 003374 








KBEXIT 




> 


SET UP KEVBOflPD 


14 003376 


012701 
000542 






MOV 


e#BRSE. Rl 


f 


GET BASE ADDRESS 


15 003402 


005761 

000002 






TST 


2<:ri> 


■> 


CLEAR DONE 


16 003406 


005011 






CLR 


<R1> 


.1 


CLEAR CSP 


17 003410 




\.% 




CRLF 








le 003412 


112705 

000010 






MOVB 


#10.. R5 


> 


LINE COUNTER 


19 003416 


105211 


2« 




INCB 


<R1> 


\ 


TRIGGER CONVERTER 


20 003420 


105711 


3f 




TSTB 


<R1> 


> 


WAIT FOP DONE 


21 003422 


100376 






BPL 


3* 






22 003424 


010361 

000004 






MOV 


R3.. 4<Ri> 


i 


SET UP NEXT STATE 


23 003430 


004767 
177320 






CALL 


TIME 


■ 


WRIT FOR DAC TO S 


24 003434 


016100 
000002 






MOV 


2<Ri:>,R0 


' 


GET P.-T.' DATFi 


25 003440 








0CT16 




.• 


DISPLflV 


26 003442 


005203 






INC 


R3 


.» 


NEXT DAC STATE 


27 003444 


042703 

070000 






BIC 


#70000.. R3 


i 


12 BITS ONLV 


28 003450 


105305 






DECB 


R5 


.; 


LINE OVER? 


29 003452 


001756 


* 




BEG! 


1* 


; 


VES - NEXT I.INF 


30 003454 








TAB 




.: 


NEXT DATA 


31 003456 

32 


000757 


i 




BR 


2* 






33 
34 


000001 


f 




. END 
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= 000542 




ERRNUM= 


000521 




TESTll 


002220R 


00;-' 


IT0 
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000014 




TEST12 


002462R 


00;? 


5ITI 
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GETCH 


001746R 


002 


TESTIS 
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TEST16 
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= 000040 
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TEST7 


001744P 
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BIT6 


= 000100 




NORPLV 


000512R 
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TIME 


002754R 
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|[T7 
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ODTflCC= 


000514 




TPB 


000000R 
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PflRflri 
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000405R 
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QUERV 
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